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ABSTRACT 
I Studied the population dynamics of an esteiblished flock of 
eastern wild txirkeys (Meleagris aallopavo silvestris) in 
south-central Iowa. I also evaluated the influence of 
various field methods and meurking techniques on wild turkey 
growth and survival. I conducted a laboratory experiment to 
examine the effect of transmitter attachment techniques on 
the growth of tvirkey poults. Surgically implanted 
transmitters affected wing growth less than backpack 
harnesses and are recommended for attaching transmitters to 
wild turkey poults. I also conducted an analysis evaluating 
various estimates of wild ttirkey poult survival. Survival 
estimates obtained from the flush count method for poults 0-4 
weeks of age were found to be comparable to those obtained by 
radio telemetry. The influence of age, capture technique, 
and behavior on survival was also examined. Capture 
technique did not affect hen survival. Adult hens had 
significantly different survival among seasons across years. 
However, when survival was evaluated on the basis of 
individual hen nesting behavior, no difference was detected. 
I studied the influence of movements, dispersal distances, 
home range size, and characteristics of vegetation at the 
nest site on nest success. I failed to identify any 
viii 
significcint relationships between the probability of nest 
success emd any of the varieQ}les evaluated. Habitat 
selection has been studied extensively for wildlife 
populations, but generally from a population level without 
regcird to an individual's familiarity or access to a habitat. 
I used detailed movement information to evaluate heUsitat 
selection at an individual level and then identified 
structural habitat characteristics common across areas used 
by individuals, given that some individuals had knowledge of 
more than 1 area that was structurally similar. I found that 
adult hens with broods occupied areas that were structurally 
different from other areas visited prior to incvibation. 
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CHAPTER 1. GENERAL ZNTRODUCTZOH 
Introduction 
Wild tvirkey (Meleagris aallopavo) populations have 
exhibited dramatic increases during the past 4 decades. In 
1959, it was estimated that only 500,000 turkeys remained 
in 17 states. By 1990, there were over 3.5 million wild 
txirkeys and harvestable populations existed in every state 
except Alaska (Dickson 1992). 
Turkeys were extirpated from Iowa in the early 1900's 
due mainly to habitat loss and uncontrolled subsistence 
hunting (Little 1980). In 1920, the Iowa Department of 
Natural Resources began releasing pen-reared birds in an 
attempt to restore turkeys to their original range. These 
releases were iinsuccessful and by 1960, there were still no 
known wild t\irkey populations in Iowa (Jackson 1993) . The 
first eastern wild turkeys (M. g. silvestris) were released 
in Iowa in 1966 and by 1993, turkeys occupied 95% of all 
available habitat. 
During the years of restricted population levels, 
turkeys occurred mainly in mature forests, isolated from 
human disturbance (Dickson et al. 1978). This led to the 
belief that tiirkeys required large blocks of timber. In 
recent years, turkey population expansion in "non-
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traditional" habitats has disproven this belief (Mosby 
1975) . Throughout much of their range, turkey populations 
use a wide diversity of habitat types (Dickson et al. 1978, 
Speake et al. 1975, Vander Haegen et al. 1989) . Crim 
(1983) suggested that as little as 120-200 ha of timber 
connected by wooded corridors could support local tvirkey 
populations in Iowa. 
The habitat requirements of the wild txirkey vary 
seasonally and are influenced by both biological emd 
climatic factors. Key habitat components consist of 
nesting cover, brood rearing cover, winter cover, and 
habitat juxtaposition (Austin and DeGraff 1975, Blackburn 
et al. 1975, and Vander Haegen et al. 1989). Winter food 
is not usually a limiting factor in turkey survival except 
on the northern extremes of their range where intensive 
agriculture and deep snow accumulations can make food and 
winter cover scarce (Porter et al. 1980). 
As turkey populations have increased, the concern of 
conservationists regarding the management of these 
populations by wildlife professionals has also increased. 
During the past 30 years, research has been conducted on 
many txirkey populations across the country, but most of the 
population parameters acquired by these studies have been 
for recently introduced or expanding flocks. I was 
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interested in acquiring new peuraneters for use in the 
memagement of established populations. I was also 
concerned about evaluating the effect of the methodologies 
used during the research on the estimated parameters. My 
general goal was to conduct applied research that would 
validate and/or acquire information useful to biologists in 
the management of turkey population across the country. My 
specific objectives were to; 1) determine poult survival 
from 0-4 wks of age, 2) compare survival of poults 
estimated with telemetry to traditional flush count 
techniques, 3) determine habitat use of broods 0-4 wks of 
age, 4) determine the number of nesting attempts, nesting 
success, and clutch size of hens, and 5) describe the 
movements of adult hen turkeys relative to habitat and 
nesting phenology. 
Dissertation Organization 
This dissertation is comprised of a General 
Introduction, including a literatxire review, four 
manuscripts prepared for submission to the Journal of 
Wildlife Management (Chapters 2-5) and a General Conclusion 
(Chapter 6) . All sections were written by M. W. Hubbard 
and edited by E. E. Klaas. 
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Literatiire Review 
Background.—Turkeys are one of wildlife 
conservation's greatest success stories. Since 1960, 
turkey populations have expanded across North America to 
occupy cureas that, 30 years ago, were considered well 
outside their suitable range. The increase in nximbers, 
density emd the area occupied have triggered a 
corresponding increase in interest cunong conservation 
organizations, sportsman, and wildlife professionals. A 
vast amount of research has been conducted on turkeys 
during the past 3 decades, but most has been concentrated 
on re-introduced or expanding populations. During the same 
time, wildlife science has advanced considerably due to an 
increase in technology and interest. Today, we have much 
better ways of collecting and analyzing population 
information (Dickson 1992). We also are faced with 
estciblished tiirkey flocks that do not seem to have the same 
population parameters exhibited by re-introduced and 
expcuiding populations. In addition to the need for new 
population parameter estimates, certain life history stages 
that lack adequate population estimates have also been 
identified. 
Nesting,—A characteristic of vegetative cover common 
to most turkey nests is an increase in lateral cover 
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immediately surroiinding the nest bowl (Porter 1992). 
Rumble and Hodorff (1993) found that Merriam turkey (M. a. 
merriami) hens selected small eureas (< 5 m across) with 
vegetation that obstructed the view of the nest bowl. 
However, Badyaev (1995) found that eastern wild tiirkey hens 
nested in large patches (about 80 m in dicuneter) with 
greater habitat complexity than was generally available. 
Day et al. (1991) found that hens nesting in grassland 
communities selected areas with high visual obstruction. 
However, vegetative nest site characteristics (Rumble and 
Hodorff 1993) and nest-site fidelity (Badyaev and Faust 
1996) have not been found to increase nest success. 
Poult survival.—Most poult mortality is thought to 
occur during the first 2 wks after hatching (Glidden and 
Austin 1975, Speake 1980, Vangilder 1992). Poult mortality 
diiring the first 4 wks after hatch averaged 61.9% in 
Missouri (Vangilder et al. 1987) and 55.8% in Texas (Ccunpo 
et al. 1984) . Crim (1981) estimated a cumulative poult 
mortality rate of 53% diuring the first four wks after 
hatching in Iowa. Speake et al. (1985) found that 82% of 
documented poult mortality was caused by predation. 
Weather can also influence poult siirvival. In West 
Virginia, 49% of poult mortality was foxind to be weather 
related during 1977 (Healy and Nenno 1985). 
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Movements,—Wild tiirkey population demographics are 
functions of mortality, reproduction, emd movements 
(Vamgilder 1992). The reproduction and mortality of wild 
turkeys have been studied extensively (Glidden and Austin 
1975, Everett et al. 1980, Vander Haegan et al. 1988, 
Vangilder and Kurzejeski 1995), but daily movement 
information is lacking. Wild turkey ecologists suggest 
that movements may be related to sxirvival, but quantitative 
support for this hypothesis has not been demonstrated. 
Turkeys are highly mobile with dispersal distances from 
wintering to nesting areas of over 11.3 Jan being reported 
in Alabama (SpeaUce et al. 1975). Average minimum daily 
movements of hens averaged 0.5 ± 0.1 Jon in Iowa (Little and 
Varland 1981) and Badyaev et al. (1996) correlated greater 
movements, as defined by larger home ranges, with better 
nest-site selection and higher nest survival. Txarkeys 
appear to be reluctant to cross even small open areas (> 
180 m; Schroeder 1985) and, consequently, patch size is 
considered an important habitat characteristic (Gustafson 
et al. 1994) . Even though movements are considered 
important with regard to habitat selection and survival, 
few researchers have attempted to incorporate an 
individual's movement into studies evaluating these 
parameters. 
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CHAPTER 2. EVALUATION OF TRANSMITTER ATTACHMENT TECHNIQUES 
ON GROWTH OF TURKEY POULTS 
A paper to be siibmitted to the Journal of Wildlife 
Management 
Michael W. H\ibbeurd, Ling-Ling C. Tsao, Erwin E. Klaas, Mark 
R. Kaiser, emd Dewaine H. Jackson 
Abstract; We compared the effects on growth of backpack-
mounted and surgically implanted radio transmitters used as 
marking techniques in studies of wild turkey (Meleagris 
qallopavo) poult survival. We applied 2 statistical 
approaches, repeated measures analysis of variance (ANOVA) 
and Bayesian analysis, to evaluate the null hypothesis that 
marking technique did not affect growth. Growth in body 
mass did not differ statistically eunong treatment groups. 
During analysis of the wing length data, we detected 
inconsistent treatment differences over time (ANOVA) which 
indicated a treatment-by-time interaction. We then applied 
Bayesian analysis based on a simple regression model for 
each poult and found differences in wing-growth rates eimong 
treatment groups. The control group had the highest wing-
growth rate, the backpack group had the lowest growth rate. 
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emd the surgical inpleuit group was intermediate. Latex 
backpack harnesses also caused physical development 
problems that would have negatively biased wild poult 
survival estimates in the field. Surgically implemted 
tremsmitters affected wing growth less them the backpack 
harnesses and are therefore recommended for attaching 
transmitters to wild turkey poults. 
J. WILDL. MANAGE. ; 
KEY WORDS: Bayesian, marking techniques, Meleagris 
gallopavo, poult, radio-transmitter, txirkey 
Numerous studies have evaluated both mammalian and 
avian wildlife populations using radio telemetry techniques 
(Heisey and Fuller, 1985, Vangilder and Kurzejeski 1995, 
and Korschgen et al. 1996a). Past studies have employed 
various transmitter designs (Marks and Marks 1987) and 
attachment methods (Amstrup 1980, Sykes et al. 1990) . The 
influence of the transmitter and the method of attachment 
have been examined in an attempt to evaluate their effect 
on behavior (Boag 1972, Nenno and Healy 1979, Perry 1981, 
Kalas et al. 1989, and Houston and Greenwood 1993), growth 
(Zenitsky 1993 emd Ewing et al. 1994), thermoregulation 
(Bakken et al. 1996), and survival (Marks and Marks 1987). 
14 
Studies on the effect of radio transmitters on gallinaceous 
birds have yielded mixed results. Nenno and Healy (1979) 
found no changes in the behavior of wild turkey hens with 
transmitters or any evidence of physical irritation, but 
Boag (1972) observed lower food consumption emd reduced 
levels of activity in captive red grouse (Lagogus 1. 
scoticus). Marks and Harks (1987) found that avian 
predators may have selectively preyed on sharp-tailed 
grouse (Tvmpanuchus phasianellus colximbianus) marked with 
solar-powered radio transmitters and Small and Rusch (1985) 
indicated that radio attachment technique influenced the 
survival of ruffed grouse (Bonasa umbellus). Since the 
advent of telemetry, biologists have been concerned that 
radio packages could bias the results of a study, leading 
to incorrect conclusions and management recommendations 
(Houston and Greenwood 1993). 
Age-specific and cause-specific mortality rates are 
important to the understanding of wild bird populations 
(Vangilder 1992) . Most telemetry studies have dealt with 
the adults of various species, but avian population models 
require knowledge of the survival of offspring, especially 
during the first 8 weeks after hatching. Limited knowledge 
about this life-history stage has made it difficult for 
biologists to evaluate annual variation in population 
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numbers. New telemetry technology and the miniaturization 
of transmitters has made it possible to evaluate post-hatch 
survival on smaller species of birds (Kalas et al. 1989), 
as well as earlier life history stages (Korschgen et al. 
1996a). Birds grow rapidly during the first few weeks of 
life amd the use of radio tremsmitters to evaluate sxarvival 
during this period must first be shown to have a minimal 
effect on physical development. 
We evaluated the effects of a backpack harness 
(Godfrey 1970, Metzler emd Speedce 1985) and an inter­
scapular surgical implantation technique (Korschgen et al. 
1996Jb) on growth of domestic turkey poults (M. aallopavo 
Linnaeus) . The backpack technique has been used previously 
in wild turkey poult studies (Metzler and SpeeUce 1985, and 
SpecJce et al. 1985), but its effect on growth has never 
been documented. We used repeated measures ANOVA to test 
the null hypothesis (Hq) that the transmitter attachment 
technique had no effect on growth rate for 30 days post 
attachment. We also used a Bayesian analysis to generate 
the posterior density regions of the intercepts (iSqc) and 
slopes Oii) by treatment (T) from a hierarchical simple 
regression model. The lower 5th and upper 5th percentiles 
from these posterior distributions were compared between 
treatment groups. 
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with data collection, T. Burger and A. Perkins for 
demonstrating the implantation technique, and J. Kienzler 
for his advice on statistical analysis. We would also like 
to thank C. Korschgen and K. Kenow for their constructive 
reviews of the manuscript. All work followed a protocol 
approved by the Committee on Animal Care at Iowa State 
University. Fxinding was provided by the National Wild 
Turkey Federation, the Iowa Department of Natural 
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Project W-115-R. Additional support was provided by the 
Iowa Cooperative Fish and Wildlife Research Unit. 
METHODS 
We constructed dummy transmitters that weighed 1.5 g 
using the techniques described in Zenitsky (1993). For the 
backpacks, we glued the transmitters to harnesses cut from 
siirgical latex tubing which increased their weight to 2.0 g 
(Godfrey 1970). 
We acquired recently hatched (<48 hrs.) domestic 
turkey poults from McMurray Hatchery in Webster City, Iowa. 
We excluded from the experiment poults which exhibited 
signs of excessive stress due to shipping. We wing-tagged 
all poults with 18x5 mm numbered metal wing tags and 
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randomly divided them into 3 treatment groups. We attached 
backpack heumesses (n=24) or surgically implanted (n=23) 
trcuismitters within 6 hrs. of acquisition of the poults. 
We hemdled poults in the control group (n=26) for 3-5 min. 
to simulate handling stress associated with the other 
attachment techniques. We remdomly divided the poults 
within each treatment group into 3 blocks and placed them 
in 2x2 m pens arranged in a 2x5 block (1 pen left empty) 
with identical food, water, and heat sources. We fed 
poults commercially prepared gamebird feed (Land-O-Lakes; 
22% protein, 2.5% fat, and 7.0% fiber) and water ad 
libitum. 
Implantation of the transmitters followed Ewing et al. 
(1994) and Korschgen et al. (1996Jb) with minor 
modification. Ewing et al. (1994) found that domestic 
pheasant chicks (Phasianus colchicus Linnaeus) anesthetized 
with methoxyflurane, were not able to walk normally for 
approximately 1 hr. post-surgery. In trial implantations, 
we discovered that aqueous benzalkonium chloride 
(Zephiran), used to sterilize surgical equipment and the 
incision area, caused the loss of some motor function and 
thermo-regulatory ability in txirkey poults for 2-3 hrs. 
after surgery. Ewing et al. (1994) concluded that pheasant 
chicks not anesthetized during surgery, exhibited no 
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adverse effects and were capcUdle of being released to wild 
hens sooner than anesthetized poults. In our study, we 
replaced Zephiran with 70% Isopropyl alcohol since water 
repellency of plumage was not a concern. Poults implanted 
using this sterilization technique, without anesthetic, 
exhibited full motor control immediately after surgery. 
We weighed poults to the nearest 0.1 g on a digital 
balance and obtained mid-wing length measurements every 2 
days for 7 weeks. Wings were measiired to the nearest 0.1 
mm using a digital caliper. 
We used both Bayesian statistics and repeated measures 
ANOVA models to analyze our data. We used both approaches 
and compared the results between the 2 statistical methods. 
Pareimetric statistics assume a normal distribution with 
fixed parameters, whereas Bayesian statistics assumes 
knowledge of a prior distribution and allows the treatment 
effect to vary among individuals. 
We used 2 repeated measiures ANOVA models (SAS 
Institute Inc. 1985) to analyze the growth data. We used 1 
model to control the variability caused by pen differences. 
We created a second ANOVA model by removing the "pen" 
effect from the first model. We used the second model to 
compare results with the first model and with the Bayesian 
analysis results. Fifteen period measurements of body mass 
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emd 14 of wing-length from the first 30 days of growth from 
each poult were analyzed. We included in the analysis 
growth measurements for 5 poults that died accidently on 
day 7 due to observer error. However, we did not include 
in the emalysis wing length measurements that were 
incorrectly obtained at the 10th time point. 
We developed a remdom parameter Bayesian model to 
compare mid-wing and body weight growth rates of the 3 
treatment groups (Gelmcin et al. 1995). We assumed that the 
mean and variance were not fixed for all 3 treatment 
groups. We also assumed that there was a separate growth 
curve for each individual and that the effect of the 
treatment on the individual was not fixed (Fearn 1975). 
Individual poults within each treatment group were analyzed 
and, in order to simplify the Bayesian model, we ignored 
"pen" effect in the analysis. In the Bayesian framework, a 
hierarchical regression model and 2 levels of prior 
distributions were assumed. This allowed us to develop a 
posterior probability distribution for each treatment group 
with a 95% probability interval for each treatment. The 
Bayesian approach also allowed us to develop posterior 
probability distributions for the intercept co-efficient 
(/Soi) of each treatment group and control for the influence 
of these differences on the slope (jSjj) • We assigned a 
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simple linecu: regression model with reoidom coefficients (/Sqi 
and emd a coveuriate (measiirement day) to model the 
individual growth curves. We assumed each poult's growth, 
as measxired by body weight and wing length, followed a 
separate regression model. A normal distribution, with 2 
levels of prior distributions, was assumed for the data 
model. We generated posterior distributions for jSo; and jSu 
based on the data model and created probability intervals 
from these distributions. The models eind assumptions are 
described below: 
i=l,2, .... ,n ji=number of poults per treatment 
yi2' • • • • / yifc) ^  is a icxl vector where 
jc=naeasurement period 
1  1  . . .  1  I '  
^i2 • • ' 
is a kx2 matrix where t^^day 
for jth measurement of the 
ith individual 
£_£=(Pio/ Pii) ^ is a 2x1 vector of intercept 
and slope 
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Assumptions: 
Yj^  N{X ,^ Si) S ~a\ Ij, is a Vcirieuice covcuriance matrix where is a Jcxk 
identity matrix 
0 is a Jcxl vector of zeros 
Priors: 
JLl" T) , 4l.= (Ho' ^ f^i)^ is a 2x1 vector of means for the intercepts 
and slopes 
r = Yo Yoi 
Yio y! 
is a known matrix of size 
2x2 
Yoi - Yio are estimated from the data 
Gamma (2,4) 
1 
IL~ uniform RxR*^ 
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RESULTS 
The 2 models used in the repeated measxires ANOVA 
generated simileur results when applied to the body mass 
data. There was no difference in body mass cuaong the 
treatment groups indicated by either ANOVA (Model with pen 
vari2j3le F = 1.74; 2, 6 df; P = 0.25; Model without pen 
Vcuriable F = 1.75; 2, 68 df; P = 0.18) or Bayesian methods 
(Fig 1). 
According to the ANOVA for the wing length data, 
treatment differences were inconsistent over time (i.e. the 
treatment-by-day interaction) . An examination of treatment 
means revealed that cumulative wing growth for the control 
and the backpack groups was similar, whereas cumulative 
wing growth for the implant group was the lowest. 
Cumulative wing growth averaged 43.3, 43.2, and 41.5 mm 
respectively for the treatment groups. 
We used Bayesian analysis to calculate 95% probability 
intervals from the posterior probability distributions. We 
found that the rate of wing growth was highest for the 
control group and lowest for the backpack group (Fig 2) . 
Wing growth for the implant group was less than that 
exhibited by the control group, but greater than the growth 
of the backpack group (Fig 2). 
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DISCUSSION 
The Bayesiem models for body mass created from oxir 
experiment provided no evidence of a difference in overall 
growth ciirve estimates among the 3 groups. However, 
Bayesian models did indicate a difference in treatment 
groups of mid-wing length data. We believe we were not 
able to detect a difference in body mass because of non-
quantifiable physiological effects of the backpack 
attachment technique on the poults. 
Prior to the initiation of the study, we believed that 
as poults marked with the backpack harness grew the latex 
harness would split and the transmitter package would drop 
off. This assumption proved to be only partially correct. 
In our study, as the poults grew, the latex material did 
split, but only on one wing. The harness remained attached 
to the other wing and acted as a tourniquet to reduce blood 
flow as the poult grew. Over time, the wing with the 
harness attached developed an edema and swelled to 3-4 
times normal size. In no instance did any of the poults 
afflicted with this condition attempt to remove the 
constricting harness. In the wild, poults marked with this 
technique would never have attained flight capabilities. 
The swelling caused by the harness may have increased the 
overall body mass of individuals within this treatment 
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group. The eurbificial increase in weight associated with 
the swelling caused by the bac)cpack heimess may have 
prevented the detection of a difference in overall body 
mass (P = 0.25 and 0.18, for model with pen and without 
pen, respectively) by both the repeated measures ANOVA cuid 
the Bayesian model. We believe the mid-wing measurements 
cure a more accurate representation of the actual effects of 
the treatments on the growth of turkey poults. Bayesiem 
emalysis indicated that mid-wing growth was different in 
all 3 treatment groups (Fig. 2). However, the difference 
in growth between the control and the impleint group was 
less than the difference between the control and the 
backpack group (Fig. 2). 
In conclusion, we believe that the use of the backpack 
harness technique would be detrimental in studies of wild 
turkey poults. Backpack transmitters packages have greater 
potential effects on growth cmd disable poults when 
harnesses fail to drop off both wings as poults grow. Even 
though both techniques influenced wing growth in our study, 
we believe that the siirgical implantation technique would 
provide the least biased estimates of wild tiirkey poult 
survival. 
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posterior distributions of slope values (B^^) from body mass 
data {n=1000). 
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CHAPTER 3. WILD TTIRKEY POULT SURVTVAL IN SOUTH-CEMTRAL IOWA 
A paper to be submitted to the Journal of Wildlife 
Management 
Michael W. Hubbard, Erwin E. Klaas, and Dale Gamer 
Abstract; Survival of eastern wild txirkey poults 
(Meleaoris aallopavo silvestris) 0-4 weeks post-hatch was 
studied in south-central Iowa during 1994-95. Thirty-two 
successful nests were produced by 135 hens that entered the 
nesting season. Survival estimates of poults were 
calculated based on flush counts and radio telemetry 
techniques. Poult survival averaged 0.46 ± 0.11 and 0.39 ± 
0.11% by telemetry and flush count estimates, respectively. 
No within-year or across-year differences were detected 
between estimation techniques. More than 77% (n = 27) of 
documented poult mortality occxirred <14 days post-hatch. 
Meimmalian predation accoiinted for 84.8% of documented 
mortality. Four-week flush counts are more cost effective 
and less labor intensive than are other methods of 
estimating poult survival and provide survival estimates 
comparable to those obtained by radio telemetry. The risk 
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of mortality on wild turkey poults increased with 
increasing brood size above 8 poults/brood and decreased 
with increasing amounts of woody cover. 
J. WILDL. MAMAGE. OOt)2000-000 
Key words; eastern wild turkey, flush count, Iowa, 
Meleaaris aallopavo silvestris. mortality, radio-telemetry, 
survival. 
Turkey populations often experience large temporal 
fluctuations in numbers (Mosby 1967, Beasom 1970) and 
accurate parameter estimates are necessary to adequately 
understand the proximate and ultimate causes of this 
variation. Although comprehensive nesting ecology and 
reproductive parameter studies have been conducted 
throughout most of the wild turkey's traditional range 
(e.g., Glidden and Austin 1975, Kennamer et al. 1975, Lutz 
cmd Crawford 1987, Vangilder et al. 1987, Roberts et al. 
1995), biologists often need information from specific 
populations at regional and local levels to manage 
effectively. Unfortunately, evaluation of the 
methodologies used to obtain parameter estimates are often 
overlooked xmtil population models fail to adequately 
predict observed trends. 
Poult sxirvival is a key pareimeter needed to understand 
txirkey populations (Kurzejeski and Vangilder 1992) . 
33 
Limited knowledge cibout this critical life history stage 
has made it difficult for biologists to evaluate annual 
veuriation in population numbers. In the past, various 
methods such as flush coimts (Glidden emd Austin 1975}, 
brood surveys (Wunz and Shope 1980), radio telemetry 
(SpecOce et al. 1985) , and lost poult calls (Roberts et al. 
1995) have been used to estimate poult survival d\iring the 
first few weeks post-hatch, however, each method has 
experienced V2u:ying degrees of success. 
To our knowledge, no study has been conducted to 
compare poult survival estimates obtained from the flush 
count method to those obtained from radio telemetry. In 
the past, it was difficult to obtain wild turkey poult 
survival estimates from radio telemetry due to transmitter 
size, signal strength, attachment method, and the 
questionable validity of estimates obtained from intra-
dependent seuaples (i.e., >1 poult/brood). The recent 
miniaturization of radio transmitters and the improvement 
and evaluation of attachment techniques (Ewing et al. 1994, 
Korschgen et al. 1996, Hubbard 1997), coupled with the 
application of different analysis procedures (e.g., Flint 
et al. 1995), have allowed biologists to obtain better 
direct estimates of wild txirkey poult survival. In this 
paper, we report the results of a field study designed to 
evaluate survival estimates obtained from the traditional 
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flush count technique with poult survival estimates 
obtained via radio telemetry. 
This study was funded by the National Wild Turkey 
Federation (NWTF), Iowa Depeurtment of Natural Resources, 
and Iowa State Chapter of NWTF. Various local chapters of 
NWTF, the Iowa Cooperative Fish amd Wildlife Reseeurch Unit 
euid Iowa State University provided additional support. We 
thank C. Clement, K. W. Roozeboom, P. Reynolds, J. L. 
Ervin, and G. S. Brown for their work on data collection 
and entry and B. Biinger for his advice on field 
methodology. B. J. Giesler and T. R. Bishop assisted with 
habitat analysis on the geographical information system. 
W. R. Clark provided advice on statistical analysis and 
research design. 
STUDY AREA 
The study area, located in Lucas and Clark coimties in 
south-central Iowa, contained both public and private land 
and covered 262.2 km^. The area is typical of the southern 
Iowa Drift Plain with rolling topography interspersed with 
woodlots, mixed hardwood forests, pastures and small 
agricultural fields. Wooded areas, composed mainly of 
shagbark hickory fCarva ovata) , white oedc (Ouercus alba) , 
northern red oeJc (Qj, rubral, and burr ocdc (2Ls. macrocarpa) 
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(Crim 1981) comprised 33% of the study eorea with the 
remaining lemd in agriculture (Hubbard 1997). 
METHODS 
Hen capture 
Turkeys were captured using both rocket nets and 
alpha-chloralose (Willieuns 1966) from December to early 
March, 1993 through 1995. Each bird was sexed and 
classified as an adult or a sxibadult based on methods 
described by Leurson and Taber (1980) and Williams (1961) . 
All birds were marked with metal leg bands, and hens were 
fitted with 110 g, back-pack style, motion-sensitive radio 
transmitters with 2-year expected battery life (Advanced 
Telemetry Systems Inc. Isanti, Minn.), attached via 3.2 mm 
elastic shock-cord. All turkeys were released at their 
original capture locations. 
Telemetry 
Hens were monitored for mortality at least 2 days/week 
from 16 August to 14 March. We used vehicle-mounted 
telemetry systems to obtain location estimates of hens at 
least 5 days/week from 15 March through 15 August. 
Mortality signals were investigated immediately to 
determine cause-specific death except during the nesting 
season when mortality signals were assumed to indicate the 
onset of incubation. 
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Dxiring the nesting season, when transmitters emitted a 
mortality signal, or when hen locations were close to 
identical for 3 consecutive days, hand-held telemetry 
equipment was used to locate the presumed nest without 
disturbing the hen. We approached the signal to within 50-
100 m and obtained 3-6 compass azimuths to estimate the 
location of the nest site. Flagging was used to meirk the 
curea for future reference. Incubating hens were monitored 
daily until hatching. 
Poult captture and narking 
Dxiring the springs of 1994 and 1995, successful nests 
were visited, and the number of eggs hatched was determined 
from the number of shell membranes left in the nest. We 
assumed that the number of poults that left the nest after 
hatching was equivalent to the number of poults in the 
brood on day 1. Approximately one-half hour prior to dawn 
and within 3 days after hatching (generally <24 hrs) , we 
approached successful hens using hand-held telemetry 
equipment to within 50-100 m. When it was light enough to 
see ground litter, the hen was further approached and 
flushed, and as many poults as possible were captvired by 
hand. Upon capture, poults were immediately placed in a 
small insulated cooler, with a hot water bottle serving as 
a heat source, and transported to the research facility to 
be weighed and equipped with a radio transmitter. 
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Regairdless of the number of eggs hatched, >1 poult was 
always left at the flush site to ensiire that the hen 
continued to exhibit brooding behavior. 
We used a sxirgical inplemtation technique for 
attaching radio transmitters to tiirkey poults developed by 
Korschgen et al. (1996) for use on waterfowl and modified 
for use on ring-necked pheasemt chicks fPhasianus 
colchicus) by Ewing et al. (1994) . Poult transmitters 
(Holohil Systems, Ltd., Carp, Onteurio, Canada) weighed 1.5 
g, had an expected battery life of 3 months, and an 
estimated range of 400 m. We selected the sxirgical 
implantation technique for meirking wild turkey poults over 
the backpack technique described by Godfrey (1970) because 
of a growth bias observed in a prior pen study (Hubbard 
1997). 
After implantation and within 3 hrs of capture, we re­
located and flushed the hen and placed the radio—marked 
poults with non-marked poults at or near the flush site. 
Poults that were not re-accepted by the hen were censored 
from the analysis. 
Poult monitoring 
Researchers unfamiliar with marked poult survival 
conducted flush counts on all successful hens 14 and 28 
days after hatching. Poults observed during the flush were 
counted and a thorough search of the area was made in an 
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attempt to account for all poults present (i.e., those not 
flushed). 
We monitored radio-marked poults at least once/day by 
locating the hen and approaching to <400 m. We took 
compass azimuths on poult transmitters with vehicle or 
hand-held telemetry equipment and compeared them to azimuths 
tedcen from the same location on hen tremsmitters. If a 
discrepancy existed between azimuths, we located the poult 
transmitter and determined the reason for the difference in 
location. We followed marked poults that were separated 
from the hen, but survived, and marked poults that 
accompanied unmarked hens, for as long as radio contact was 
possible. Aerial telemetry was used to search for lost 
poults 1-2 times/week from mid-June through mid-August. We 
searched for all lost radios at least 3 times after their 
disappearance in an attempt to determine the cause of 
signal loss. Cause-specific poult mortality was determined 
from evidence at the site of the recovered transmitter. 
Poults that disappeared and were not recovered were 
censored on their last known viable day. 
Analysis 
Interval survival estimates were calculated for both 
the radio-marked poults and poults observed during flush 
count surveys. For telemetry survival estimates, we used 
the number of radio-marked poults in each brood as the 
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initial sample. For survival estimates calculated from 
flush-count surveys, the nvunber of poults that hatched euid 
left the nest was used as the initial sample in each 
clutch. 
Kaplan-Meier siurvival estimates require that fates of 
individual animals are independent. However, violation of 
the assumption of independence does not bias the survival 
estimate, but it can cause a negative bias in the variance 
estimate (Pollock et al. 1989). We used a Kaplan-Meier 
type estimator described by Flint et al. (1995) that does 
not require independent survival cunong brood members, to 
estimate poult survival from 0-2 weeks and 2-4 weeks post-
hatch. This estimator also allows for brood mixing and 
brood survival >1 (Flint et al. 1995). 
A bootstrap reseunpling procedure with 2,000 replicates 
was used to estimate the standard error associated with 
each survival estimate (Flint et al. 1995) . To determine 
if there were among-year differences in calculated survival 
of poults between flush count and telemetry estimates, we 
used program CONTRAST (Hines and Sauer 1989) which employed 
the methods of Sauer and Williams (1989). We compared 
within-year interval sxirvival rates obtained from flush 
coiints and radio-telemetry with a Z-test described by 
Pollock et al. (1989). 
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Factors influencing poult mortality 
In addition to obtaining poult siirvival estimates, we 
were interested in exaunining factors that may influence 
poult mortality. We used a proportional hazeurds model 
(procedxire PHREG, Allison 1995) to relate failure times 
(died or censored) to Vcuriables possibly associated with 
mortality. We used an analysis of variemce to relate 
possible covariates to the logarithm of failure time (In T) 
(Perkins et al. in press) . We evaluated hen capture 
methods, size of the area occupied by the brood from 
hatching through day 28, proportion of the area in woody 
and grass cover types, initial brood size, weight of poults 
at captiore, and the number of eggs in the clutch as 
variables possibly associated with poult mortality. 
RESULTS 
During the springs of 1994 and 1995, 135 hens entered 
the nesting season and produced 32 successful nests and 
hatched 300 poults that left the nest bowl (Table 1). Only 
broods with >1 radio-implanted poult were included in the 
comparison of estimator techniques. Successful hens with 
radio-mcurked broods produced 229 poults. We surgically 
implanted transmitters in 73 poults, from 26 broods, that 
were re-accepted by their respective hens (Table 2). Of 
the 26 hens with radio-marked broods, 23 were adults. From 
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1-4 poults were marked in each brood (X = 2.8, SE = 0.2). 
Poults weighed an average of 50.6 ± 0.6 g (range 41.3-61.9 
g) at capture. Transmitters averaged 2.9% (range 2.4-3.6%) 
of poult body mass at the time of implantation. 
Poult Stirvival 
Of 73 radio-meurked turkey poults, 4 (5.5%) joined 
unmarked hens and 3 of those survived past 28 days. Eleven 
poults in 4 broods failed to leave the point of release and 
died due to exposure. Three poults were monitored >70 days 
prior to signal loss. The estimate of poult survival using 
the telemetry method 0-28 days after hatching was 0.46 ± 
0.11. The flush count estimate for the same period was 
0.39 ± 0.11. Survival estimates did not differ between 
estimation techniques for any interval sampled (Z = 0.03-
0.16, P = 0.487-0.436) (Table 2). Evaluation of interval 
survival estimates across years also failed to indicate a 
difference in techniques (0-2 weeks, = 2.913, 1 df, P = 
0.088; 2-4 weeks, = 0.529, 1 df, P = 0.467; 0-4 weeks, 
X^ O.419, 1 df, P = 0.517). 
Causes of Poult Mortality 
More than 77% (n = 27) of documented poult mortality 
occ\irred in the first 14 days after hatching. Mammals 
accounted for 84.4% of known predation (Table 3). 
Mustelids, mainly weasels (Mustela spp.) and mink (Mustela 
vison), and red-fox (Vulpes fulva) accounted for 30.3% and 
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33.3% of poults lost to predation, respectively. Coyotes 
(Canis latrans) which were common on the study cirea also 
consumed wild turkey poults (n = 5). Avian predators 
caused 15.2% of docximented predation. A Red-tailed hawk 
(Buteo iamaicensis^ was the only documented avian predator, 
but Cooper's hawks fAccipiter cooperii^, great-horned owls 
(jBubo virainianus) , and barred owls (Strix varia^ were also 
present on the study curea. Exposure accounted for only 
2.7% of mortality in marked poults. 
Factors influencing poult mortality 
During o\ir analysis, we screened 7 variables we felt 
may have been related to poult mortality. None of the 
variables evaluated were significantly related to In T (P > 
0.18). During our analysis, we discovered that brood size 
exhibited a nonproportional hazard (Fig. 1). Only 3 broods 
that experienced a mortality event contained < 8 poults. 
To include brood size in the proportional hazards model, we 
eliminated those observations in broods with < 8 poults at 
hatch (n = 7) . A proportional hazards model with percent 
of area in woody cover and brood size was significant (x^ = 
6.104, 2 df, P = 0.047, n = 39) (Table 4). The risk of 
mortality decreased by 2.5% for each 1.0% increase in the 
proportion of the area occupied in woody cover and 
increased by 17.9% for each additional poult above 8 in the 
initial brood. 
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DISCUSSION 
It is difficult, if not impossible, to determine 
actual turkey numbers in a large geographic curea (Mosby 
1967, Vemgilder 1992). However, accxirate estimates of 
population peurameters eure necesseiry to allow biologists to 
predict local emd regional population responses to various 
abiotic and biotic variables. Suchy et al. (1983) found 
that small variations in female survival and fecundity 
could lead to large changes in predicted population levels. 
Accurate estimates of fecundity require accurate survival 
estimates of poults. Evaluation of cost effective methods 
for obtaining these estimates is also beneficial. 
Traditionally, flush counts have been used to estimate 
poult svirvival (Glidden and Austin 1975, SpeeOce 1980, 
Specdce et al. 1985, Vangilder et al. 1987, Vander Haegen et 
al. 1988, Roberts et al. 1995), but its accuracy has never 
been evaluated. We failed to detect a difference in 
survival estimates generated by the flush covmt method when 
compared to estimates of radio-marked wild turkey poults. 
At a similar study area in northern Missouri, Vangilder et 
al. (1987) estimated poult siirvival for the 28 days post-
hatch to be 38.1% by the flush count method. A study in 
Alabeuna reported poult survival of 30.2% for a tiirkey 
population using both radio-telemetry and flush count 
estimates (Speake et al. 1985). Similar to our study. 
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Speake et al. (1985) also failed to detect a difference in 
loss rates of radio-marked and non-instnimented poults. 
Roberts et al. (1995) used electronically recorded lost 
poult calls along with flush counts to estimate poult 
survival at 40.0% in New York. We did not experience the 
annual veuriation in poult sxarvival observed in Texas (11.5-
62.7%, Ccimpo et al. 1984) or Missouri (30.3-58.7%, 
Vangilder et al. 1987) . However, the Missouri (4 yrs) and 
Texas (3 yrs) studies were of longer duration. 
Roberts et al. (1995) suggested that pre-recorded 
calls are potentially more precise than flush counts and 
that disturbance of broods at <14 days post-hatch may lead 
to an increase in poult mortality. We found no evidence to 
indicate that 2-week flush counts increased poult 
mortality. Only 1 radio-marked poult was lost on the day a 
2-week flush coiuit was conducted. Like Speake et al. 
(1985), we attributed most dociimented poult predation 
(84.8%) to mammalian predators. Mustelids and red fox were 
the major mammalian predators on oiur study area. In 
Alabeuaa, free ranging domestic dogs were reported as the 
major mammalian predator (SpeeOce et al. 1985) . Although, 
free ranging dogs were present on our study area, we failed 
to associate them with wild turkey poult losses. 
Everett et al. (1980) found that high poult mortality 
was the major factor controlling wild turkey densities in 
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AlcUsana. Poult survival is believed to be related to brood 
hcd^itat characteristics (Metzler and SpeeJce 1985) , but the 
relationship between habitat emd mortality is unclear 
(Vangilder 1992). Metzler and SpeeUce (1985) found that 
hens with more than 30% of their poults surviving used 
pastures less frequently and old fields more frequently 
than less successful hens. They concluded that brood 
habitat of successful hens (< 30% poult survival) had less 
basal area/ha, greater herbaceous height and higher 
overstory canopy cover. Everett et al. (1980) foxind that 
poult survival was higher in broods that utilized grazed 
pastures next to wooded areas than it was in broods that 
used foodplots and adjacent matxire hardwood timbers. 
We did not study brood habitat characteristics. 
However, increasing amounts of woody cover in the area 
occupied by a poult during the first 4 wks after hatching 
decreased the risk of mortality. In o\ir proportional 
hazards model, brood size had a strong effect on the risk 
of mortality. As initial brood size increased above 8 
poults/brood, the risk of mortality also increased. 
According to our model, during the first 28 days after 
hatching, a poult in an initial brood of size 10 occupying 
an area with 80% woody cover would have a 18.9% increased 
risk of mortality relative to a poult in an initial brood 
of size 8 occupying an area, of 100% woody habitat. 
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Dxiring our study, we observed the loss of radio-marked 
poults from a brood at different times during the eeirly 
brood reeuring period. On a number of occasions, we 
recovered poult tremsmitters from the same brood, lost at 
different times, from a single predator's den or cache 
location. We also recovered transmitters from different 
broods at the same site. It was obvious that some 
predators on our study area were quite adept at preying on 
turkey poults. It was also apparent that some predators 
could relocate broods after they were first discovered. We 
believe this may have contributed to the effect of brood 
size in our proportional hazards model. Larger broods may 
leave more evidence of their presence than smaller broods 
which may lead to an increase in predation. However, below 
some threshold (possibly 8 poults/brood?) the risk of 
catastrophic brood loss may increase the risk of mortality 
on an individual if the brood is discovered by a predator. 
MAMA6EMEKT IMPLICATIONS 
There is no doubt as to the importance of poult 
survival in turkey population management. Population 
models indicate that small changes in poult survival can 
contribute to large changes in population predictions 
(Suchy et al. 1983). Other methods of acquiring poult 
survival information, such as brood surveys (Wunz and Shope 
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1980) emd coiints obtained by biologists and technicians 
(Wunz and Ross 1990) may be relieible indicators of state or 
region-wide trends. However, for turkey populations 
exhibiting steady declines or major reductions in 
population levels, more precise information is necessary. 
We believe telemetry estimates accurately reflect poult 
survival. Furthermore, we found no evidence to suggest 
that flush count estimates were less reliable than those 
obtained from radio telemetry. Flush count estimates 
provide a lower cost alternative to surgical implantation 
of radio transmitters. Consequently, we believe the flush 
count could provide accurate information for population 
models and harvest recommendations. Also, we found no 
evidence to indicate that 2 wk flush counts are necessary. 
Even though we did not find that 2 wk flush counts 
influenced survival, we can see no reason to conduct them 
if poult survival 0-28 days post-hatch is the only goal of 
the research. Therefore, if mortality agents are not of 
concern, we would recommend that biologists conduct 4-week 
flush counts to obtain poult survival estimates for use in 
population models and the development of harvest 
recommendations. 
In 1993, south-central Iowa experienced high rainfall 
and low poult production. We conducted a poult survival 
study during 1993 using the backpack harness technique 
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(Godfrey 1970) for marking wild txirkey poults. Based on 
the results of a pen study (Hxibbard 1997) , we chose not to 
include the 1993 results with this data. However, 15 
poults in 5 broods experienced 100% mortality within 28 
days after hatching. During 1994-95, we documented only 2 
mortality events (1/yr) contributed to exposiire. Direct 
loss due to rain was only documented once in AleQsama 
(Speedce et al. 1985) . We are not sure if the high 
mortality we observed in 1993 was the result of the meirking 
technique or a combination of the technique and unusually 
heavy rainfall. Regardless, based on the 1993 field study 
and other results obtained during the pen study, we would 
recommend that the back-pack technique not be used as a 
method of marking wild turkey poults in future studies. 
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Table 1. Production of successful wild turkey hens in south-central Iowa. 
Successful Total poults broods X clutch 
Year # of hens* nests hatched marked size SE 
1994 68 13 127 11 9.8 0.962 
1995 _67 12 163 15 8.6 0.537 
Total 135 32 300 26 
' Adult and subadult hens combined 
Table 2. Comparisons of wild turkey poult survival estimates for 2'-week and 4-week 
Intervals following hatching, in south-central Iowa calculated from flush counts and 
radio-telemetry data. 
FLUSH COUNT TELEMETRY 
Year and 
Interval A^t^ SE* . n A(t) ^ n^ Z-value £ 
1994 
0-2 wks 0.301 0. 095 103' 0.440 0.128 31 0.116 0.454 
to
 1 wks 1.258 0. 510 31'" 0.909 0.091 12 0.123 0.451 
0-4 wks 0.379 0. 110 103 0.400 0.120 31 0.017 0.493 
>95 
0-2 wks 0.539 0. 114 126 0.760 0.078 42 0.160 0.436 
2-4 CD 0.737 0. 184 76 0.683 0.071 29 0.032 0.487 
0-4 wks 0.397 0. 105 126 0.519 0.106 42 0.089 0.464 
Table 2. (Continued) 
* Standard error estimate from 2000 bootstrap replicates 
** Number of radio marked poults at beginning of each Interval 
Initial number of poults hatched 
Total number of poults observed during 2-wk flush counts 
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Table 3. Fates of radio-narked wild turkey poults in 
south-central Iowa, 1994-95. 
% of Poults % of Known 
N Marked Predation 
Total poults marked 73 
Cause of death 
Mammalian predation 28 38.4 84.8 
Hustelid spp. 10 13.7 30.3 
Fox 11 15.1 33.3 
Coyote 4 5.5 12.1 
Unknown Mammal 3 4.1 9.1 
Avian 5 6.8 15.2 
Exposure 2 2.7 
Censored (Radios tmrecovered) 10 13.7 
Survived past 28 days 28 38.4 
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Table 4. Proportional hazcirds model relating covariates to 
mortality of wild turkey poults from 0-28 after hatch in 
south-central Iowa, 1994-1995. 
Peurameter coefficient (j3) ^ Wald P Risk 
ratio 
Woody cover% -0.025 0.013 3.542 0.059 0.975 
Initial brood size 0.164 0.066 6.288 0.012 1.179 
59 
5(10) 
14 -
12 -
1(4) 
(1(3) 
T3 1(4) 
2(2) 
Number of brcxids (number of poults) 
1(1) 
T—r T T 
0 2 4 6 8 10 12 14 16 18 20 
Initial Brood size 
Fig. 1. Effect of brood size on survival among wild turkey 
poults in south-central Iowa, 1994-95. Only broods that 
experienced partial or total mortality are included. 
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CE2^TER 4. WILD TURKEY HEN SURVIVAL IN SOUTH-CENTRAL I01IA 
A paper to be submitted to the Journal of Wildlife 
Management 
Michael W. Hubbard, Erwin E. Klaas, emd Dale Garner 
Abstract; Survival of 126 eastern wild turkey hens 
(Meleagris qallopavo silvestris^ in an established 
population in south-central Iowa was investigated during 
1993-1996. Estimates of annual survival averaged 67.6% (SE 
= 4.75) for adults and 71.3% (SE = 12.48) for siibadults. 
Mammalian predators, mainly coyotes (Canis latrans) and red 
fox fVulpes fulva), accounted for 64% of all docximented 
mortality. Age-specific annual survival distributions were 
significantly different cunong all years of the study (P < 
0.03). However, no difference was detected in survival 
between age classes among years (x^ = 0.470, l df, P = 
0.49) . Capture technique did not seem to influence 
survival within age classes (adults, = 0.249, 1 df, P = 
0.618; subadults, = 0.0003, 1 df, P = 1.0) or nesting 
parcuneters. Adult hens had significantly different 
survival cuaong seasons across years (F = 8.13, 2,4 df, P = 
0.03) based on chronological dates. However, seasonal 
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siirvival was not different when estimates were based on hen 
behavior (F = 0.89, 2,4 df, P = 0.48). More reseeirch on 
the relationship of residual cover and spring hen siurvival 
is encoiiraged. 
J^. WILDL. MAMAGE. O O P  ;000-000 
Key wordsi capture technique, eastern wild txurkey, hens, 
Meleaoris aallopavo silvestris. mortality, predation, 
radio-telemetry, sxirvival. 
Transplanted wild turkeys were first successfully re­
introduced in Iowa in 1966 (Crim 1981). The Iowa re-
introduction, like many other transplant efforts, 
established a viable population that quickly expanded to 
occupy a large portion of the suitable habitat. During the 
time the population grew, reproduction and survival rates 
were high (Little and Varland 1981). Re-introduced flocks 
in other areas of the country exhibited similar population 
growth (Speake et al. 1969, Everett et al. 1980). 
By the mid-1980's, the txirkey population in south-
central Iowa reached densities estimated to be >30 
birds/km^ (Little 1980, Crim 1981). However, during the 
late 1980's, the population at the original release site 
experienced a steady decline. In 1993, the population 
density at the original release site was estimated to be 
approximately 9 birds/km^. 
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This decline in population caused concern among 
biologists and sportsmen and necessitated the need for more 
current population peurameter estimates for management 
purposes. In 1993, we initiated a study to acquire such 
information. In this paper, we report on hen survival and 
cause-specific mortality in this well-established 
midwestern turkey population. 
We would like to thank the private landowners in Lucas 
and Clark counties who provided us access to their land. 
Special thanks goes to W. Biinger, C. Clement, K. W. 
Roozeboom, P. Reynolds, J. L. Ervin, and G. S. Brown for 
their dedication in the field. T. R. Bishop and B. J. 
Giesler helped with the geographical information systems 
(GIS) data. W. R. Clark provided advice on statistical 
analysis and design. Fxinding was provided by the National 
Wild Turkey Federation (NWTF), Iowa Department of Natural 
Resources, and the Iowa State Chapter of NWTF. Additional 
support was provided by the Iowa Cooperative Fish and 
Wildlife Research Unit and Iowa State University. 
STUDY MLBH 
The study area was located in Lucas and Clark counties 
in south-central Iowa and covered 262.6 km^. It included 
Stephens State Forest, which is managed for multiple-use 
recreation, and surrounding privately owned land. Black 
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and white aerial photographs were obtained and the study 
eorea was mapped using GIS computer software. The study 
area, was ground-truthed in August of each yeeur to verify 
crop emd cover types. Thirty-three percent of the eurea was 
forested with the remaining 67% in agriculture. Hardwood 
timber accounted for 97% of the forested acreage. Shagbark 
hickory fCarva ovata), white OeOc fOuercus alba^, northern 
red oak. (Q^ mbral, and burr oak fO. macrocarpa) were the 
predominate forest species (Crim 1981). Shrubland (2.1%) 
and conifer plantings (0.9%) comprised the rest of the 
wooded area. Agricultural land was comprised of crop 
fields (16.1%), grasslands (i.e., unmowed grass, 
conservation reserve program fields, and hayfields) 
(45.5%), pastures (35.3%), and miscellaneous (i.e., 
farmsteads, urbem areas, and water) areas (3.2%). Crop 
fields were mainly com and soybeans (97.2%), but some 
small grain (e.g., oats and wheat) was present (2.8%). 
METHODS 
Both cannon nets and alpha-chloralose (AC) (Willieuns 
1966) were used to captiire wild turkeys dxiring the winters 
of 1992-93 through 1995-96. All individuals captured were 
fitted with metal leg bands and separated into svibadult and 
adult classifications. Each hen was fitted with a 110 g 
motion sensitive radio transmitter (Advanced Telemetry 
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Systems Inc. Isanti, Minn.) attached as a bac}q)ack with 3.2 
mm elastic shock-cord. Transmitters had an expected 
battery life of 2 yeeurs. Turkeys captured with rocket nets 
were released within 2 hrs. Birds captxired with AC were 
held from 1-3 days to allow recovery from the narcosis 
associated with the drug (Willieuns 1966). All turkeys were 
released at their captiire site. 
We monitored hens using vehicle-mounted telemetry 
systems and conducted mortality checks 1-3 times per week. 
Hens were located a minimum of 5 times per week from 15 
March through 15 August. We used 3 azimuths, acquired 
within 20 minutes, and Lenth's transformation (Lenth 1981) 
to estimate a hen's location. 
Transmitters that emitted a mortality signal were 
investigated immediately and an attempt was made to 
determine the cause of death of the hen. However, during 
the nesting season, we assiu&ed mortality signals indicated 
an incxibating hen, and we waited 28 days to recover the 
transmitter and determine a mortality agent. A necropsy 
was performed on hens that exhibited no identifiable signs 
of physical trauma. 
Survival analysis 
For piirposes of survival analysis, we divided the year 
into 3 time periods; spring (15 March - 30 June), sxammer (1 
July - 31 October), and fall/winter (1 November - 14 
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Meurch) . Annual sxirvival was es-timated from 15 March 
through 14 March of the following yeeur. Subadult turkeys 
were reclassified as adults on 15 Meurch of the year 
following capture. Survival estimates were calculated 
using the Kaplem-Meier product-limit estimator modified by 
Pollock et al. (1989) to accept staggered entry of animals. 
We used log-rank tests to compare within-yeeur subadult and 
adult annual survival curves and annual survival 
distributions for adults based on captiire methods. 
To determine if there were among-year differences in 
survival and captxire methods for subadults and adults, we 
used progrcim CONTRAST (Hines and Sauer 1989) which employs 
the methods of Sauer and Williams (1989) . Because the 
number of days per season varied in our study (spring n = 
107, summer n = 123, fall/winter n = 134), we used daily 
survival estimates for seasonal comparisons. To examine 
survival differences within age classes between seasons 
eimong years, we used a 2-way ANOVA (SAS 1985) with year and 
season as the main effects and the interaction of year and 
season as the error term (Vangilder and Kurzejeski 1995) . 
We also evaluated adult survival based on behavior of 
individual hens throughout the year. We divided the year 
into 3 periods; nesting, brood-rearing, and fall/winter. 
We defined nesting attempts as only those nests that 
reached inciibation. During this study, a third nesting 
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attempt was never documented. Thus, for analysis, we 
defined the nesting period as 15 March to the beginning of 
the third guartile of second nesting attempt dates (1 June, 
1993, 2 Jiine 1994, and 13 June 1995). Hens were censored 
from the nesting period when they nested successfully or 
failed in their second nesting attempt prior to the end of 
the interval. Successful hens entered the brood-rearing 
period the day after their eggs hatched. Unsuccessful hens 
with 2 documented nests entered the brood-rearing interval 
the day after their second nest was lost. Unsuccessful 
hens without a second documented nest entered the brood-
rearing period the day after the third quartile of second 
nesting attempt dates. The brood-rearing period ended on 
31 October and the fall/winter period was analogous to the 
seasonal survival based on chronological dates. A 2-way 
ANOVA (SAS 1985) , with year and season as the main effects 
and the interaction of year and season as the error term 
(Vangilder and Kurzejeski 1995), was used to evaluate 
differences in daily sxirvival rate estimates between 
seasons eunong years. 
Factors associated with siirvival 
We used a proportional hazards model (procedure PHREG, 
Allison 1995) which uses Cox's partial likelihood method 
(Cox 1972) to relate failure times (died or censored) to 
variables possibly associated with mortality. Before we 
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a-ttempted to model the hazeurd, we screened vauriables using 
an analysis of variance relating the logeurithm of failiure 
times (In T) to the possible coveoriates (Perkins et al., in 
press, 1997). We considered hen age (adult or subadult), 
capture method, eumual home range size, minimum known age 
of hen, dispersal distance (linear distance from point of 
capture to first nest site location) , cuid percent of home 
remge in woody cover as possible covcuriates associated with 
mortality. 
Influence of capture technique on nesting 
In addition to the influence of capture technique on 
hen survival, we were interested in excimining the influence 
of captiire method on reproduction. We used an analysis of 
variance (procediire GLM, SAS Institute Inc. 1989) to 
excunine the effect of captxure method on clutch size, the 
timing of incubation, and dispersal distances. 
RESULTS 
During this study, we captxired 134 wild txirkey hens of 
which 61 (45%) were captxired with AC and 73 (55%) with 
rocket nets. Two (3.3%) of the hens captured with AC and 6 
(8.1%) captured with nets died within 14 days of release 
and were not included in the survival analysis. 
68 
Survival 
Predators killed 42 (79%) of the 53 hens that died 
diiring this study (Table 1). Meunmals, mainly coyotes 
fCanis latrans) and red fox fVulpes fulva)r were attributed 
with causing 64.2% of all predation and ranged from 53.3-
78.6% of annual predation. Another predator known to have 
killed hens was the great-homed owl rsubo virainianus) (n 
= 3). Other possible predators on the study eurea included 
barred owls (Strix varia), gray fox fUrocvon 
cinereoaraenteus), and mink fMustela vison). Miscellaneous 
mortality sources included disease (n = 2), legal (n = 1) 
and illegal (n = 1) harvest, starvation (n = 4) and 
vehicles (n = 1). We were unable to determine the cause of 
death for 4 hens. 
Four hens were censored from the survival analysis due 
to radio failiire. Estimates of annual survival averaged 
67.6% (SE = 4.75) for adults and 71.3% (SE = 12.48) for 
subadults and ranged from 59.4-75.9% and 52.6-95.0%, 
respectively (Fig. 1). Adults and subadults exhibited 
significantly different survival distributions for all 
yecirs of the study (P < 0.03) (Table 2). However, no 
difference in survival was detected between age classes 
across all years of the study (x^ = 0.470, 1 df, P = 0.49). 
Within age classes, we also failed to detect a difference 
in survival among years between capture techniques (adults. 
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= 0.249, 1 df, £ = 0.618; sxibadults, = 0.0003, 1 df, P 
= 1.0). Seasonal siirvival varied between years and age 
classes (Table 3). However, seasonal sxirvival was never 
less them 0.7 with adult survival during summer having the 
least variability (X = 0.912, SE = 0.012). Sxirvival 
differed significantly eunong seasons across years among 
adults (F = 8.13, 2,4 df, P = 0.03), but not among 
subadults (F = 0.69, 2,4 df, P = 0.55). Comparison of 
adult daily survival rates between seasons across years 
showed that survival during spring was lower than survival 
during summer (t = 3.24, 4 df, P = 0.032). However, we 
failed to detect a difference in interval survival 
estimates for adults based on behavior (F = 0.89, 2,4 df, P 
= 0.48). 
Factors associated with survival 
We conducted preliminary screening of 6 covariates 
that may have been related to hen survival. Age at 
capture, capture method, annual home range size, percentage 
of home range in woody cover, dispersal distance, and 
minimum known age at death were not significantly related 
(P > 0.10) to In T. However, a proportional hazards model 
that included annual home range size, dispersal distance, 
and percent of home remge in woody cover was significant 
(X^ = 12.540, 3 df, P = 0.006) (Table 4). The risk of 
mortality for wild turkey hens on our study area increased 
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by 2.0% for every 100 m increase in dispersal distance and 
decreased by 2.0% for every 10 ha increase in home range 
size and 3.5% for each 1.0% increase in proportion of the 
home remge in woody cover. 
We used a 95% bivcuriate ellipse (Jennrich emd Turner 
1969) to estimate emnual home range size from 15 Meurch 
until death. We were concerned that the inclusion of home 
range size in the proportional hazards model could have 
been an artifact of the number of daily observations 
included in the home range estimate instead of a 
biologically significant effect. Annual home range size 
for the year during which hens experienced mortality 
averaged 185 ± 28.5 ha. The mean nximber of observations 
included in the home range estimate was 37.1 ± 2.7. A 
correlation between annual home range size and the number 
of observations was not significant (r = 0.2189, P = 
0.1637). 
Influence of capture technique on nesting 
During our study, we documented 127 nesting attempts 
of which 114 provided infoirmation on clutch size. We 
detected a difference in clutch size between first nests (n 
= 96) and renesting (n = 18) attempts (t = 2.23, 112 df, P 
= 0.028). An analysis of variance indicated that size of 
first clutch was not significantly different between years 
(F = 0.21, 2, 93 df, P = 0.886). Captiire technique was not 
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related to the size of the first clutch (F = 2.92, 1, 94 
df, P = 0.091) or the initiation date of first nest (F = 
0.21, 1, 103 df, P = 0.646) or renesting attempts (F = 
0.41, 1,16 df, P = 0.531) within years. Distance between 
capture location and site of first nest establishment was 
not related to capture method (F = 0.43, 1, 54 df, P = 
0.513). 
DISCUSSION 
A main assvimption for telemetry studies is that 
sxirvival of an individual is not influenced by capture or 
radio-marking technique (White and Garrott 1990, Pollock et 
al. 1989, Bunck 1987). During our study, like Nenno and 
Healy (1979), we found no evidence of skin irritation or 
feather loss on our recaptxired hens (n = 4) . Wright et al. 
(1996) evaluated the effect of radio transmitter harness 
type on sxirvival of eastern wild turkeys and found no 
significant difference between cable or elastic harness 
types. 
Unlike some previous wild turkey studies (Vangilder 
and Kiirzejeski 1995, Wright et al. 1996), we observed a 
significant difference in the survival distribution of 
adults and svibadults. Vander Haegen et al. (1988) also 
found significantly different survival between age classes 
of eastern wild turkeys. However, unlike Vander Haegen et 
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al. (1988), adults in our study did not always have higher 
survival. Adults survived better in 1993-94 and 1995-96, 
but subadults had better survival in 1994-95. 
Seasonal survival during our study varied between 
years and age classes, but was never <0.70. Vander Haegen 
et al. (1988), Wright et al. (1996), and Vangilder and 
Kurzejeski (1995) found similar seasonal survival estimates 
for hens in Massachusetts, Wisconsin, and Missoiuri, 
respectively. In some areas, it has been shown that female 
survival during spring can be lower than dxiring other 
seasons (Speeike 1980, Everett et al. 1980) . Miller et al. 
(1995) also found lower seasonal survival during the 
reproductive period for turkeys in Kansas. In Iowa, Little 
et al. (1990) found that most mortality occurred during 
spring and summer with major hen loss associated with 
nesting activities. We found that adult hen survival 
during the spring was lower than during the summer season 
based on chronological intervals. However, when we 
evaluated adult hen survival as a function of nesting 
behavior, we failed to detect a difference. Vangilder and 
Kurzejeski (1995) also observed higher mortality during the 
spring, but could not link the increase to nesting 
activities. 
Healy (1992) reported that the highest mortality for 
turkeys in the northern extreme of their range can occur 
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during the winter. Loss due to starvation is not xinconinon 
during heursh winters, especially in those flocks without 
easy access to agricultural grain (Porter et al. 1980}. We 
found no evidence to suggest that steurvation was a major 
mortality factor in southern Iowa. However, during the 
winter of 1995-96, we attributed minor mortality to 
stcurvation, indicating that even in flocks with easy access 
to row crops, deep snow followed by low temperatures can 
affect a population. 
In Missouri, Kurzejeski et al. (1987) reported a 
significant amount of hen mortality (39%) due to illegal 
harvest with 42% occurring during the spring gobbler 
season. While we observed 4 unknown mortalities dxiring oxir 
study, we documented only 1 poaching event. 
Average annual survival was higher (67.6% for adults 
and 71.3% for subadults) during our study than those 
reported earlier in Iowa (Little et al. 1990) or Missouri 
(Kiirzejeski et al. 1987) . Roberts et al. (1995) also 
reported lower annual survival for eastern wild turkeys in 
New York, but Everett et al. (1980) provided information 
indicating similar survival for a turkey population in 
Alabama. 
Predation was equal to or greater than any other 
mortality soiirce during all years and seasons of this 
study. Mammalian predation, mainly canids, comprised 64% 
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of total predation. Other txirkey studies have also 
experienced high manmaliem predation rates (Kiirzejeski et 
al. 1987, Miller et al. 1995, Wright et al. 1996). As in 
Wisconsin (Wright et al. 1996) and Massachusetts (Vander 
Haegen et al. 1988) , avian predation on our study site was 
mainly attributed to great horned owls. 
Biologists have long associated eui increase in 
dispersal and movement distances with a decrease in 
survival (Grinnell 1922, Ball et al. 1975, Mauser et al. 
1994). Ball et al. (1975) and Mauser et al. (1992) 
indicated that distances moved by mallard fAnas 
platvrhvnchos) broods may affect survival. Rottella and 
Ratti (1992) also indicated that mobile broods suffer 
greater mortality. However, Perkins et al. (in press, 
1997) foiind no relationship between the distances moved 
during activities of ring-necked pheasants (Phasianus 
colchicus) and survival during winter. In our proportional 
hazards model, we found that as distance between the site 
of captiire and establishment of the first nest increased, 
the risk of mortality also increased. During our study, 
the greater the distance between wintering and nesting 
areas, the more likely it was for an individual to 
experience a mortality event. 
Pullicim and Danielson (1991) suggested that the 
ability of an organism to assess habitat quality may 
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improve with increased habitat seunpling. Badyaev et al. 
(1996) found that greater movements, as reflected by 
increased home remge sizes, were correlated with better 
nest site selection and higher nest suzrvival of wild 
turkeys in Arkansas. He also suggested that an increase in 
heibitat seunpling by an individual hen may result in eui 
increase in survival. We foimd that an increase in home 
range size decreased the risk of mortality for hens in 
southern Iowa. Oxir results agree with Badyaev et al. 
(1996) and we believe that the relationship between home 
range size and the risk of mortality may be a reflection of 
increased habitat seunpling leading to a reduction in the 
risk of mortality. 
In the past it was thought that extensive tracts of 
timber were required to support wild turkey populations 
(Ellis and Lewis 1967). Recent re-introductions into mixed 
timber-agricultural habitats in the Midwest have shown that 
turkey populations can thrive in areas with < 50% timber 
(Kurzejeski et al. 1987, Little et al. 1990, Vangilder and 
Kurzejeski 1995). The relationship between survival and 
the percentage of the home range in woody cover observed in 
oxir study is a reflection of the enhancement of individual 
survival with increasing cimounts of woody growth. Our 
study area is a highly interspersed mixture of agriculture, 
timber, and grassland habitats. Consequently, even hens 
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with, high percentages of their home ranges in woody cover, 
had abundant access to other habitat types. Therefore, we 
believe that in highly diverse landscapes, aui increase in 
the amount of woody cover may decrease the risk of 
mortality on wild ttirkey hens. 
Weinstein et al. (1995) provided evidence that 
reproductive success could be influenced by the timing of 
capture. We evaluated the impact of the capture method on 
stirvival and nesting and failed to find any significant 
relationships between capture technique and survival, 
clutch size, nest initiation dates or dispersal distances. 
Hubbard (1997) also concluded that capture method was not a 
significant predictor of nest fate. The winter of 1994-95 
was extremely mild in southern Iowa. Grain was plentiful 
on the study area in both food plots and agricultural 
fields. In most cases, turkeys did not use bait sites 
located on the edge of fields where most trapping was 
conducted. Consequently, bait stations had to be 
established near roost areas where cannon nets could not be 
used without habitat alterations. The use of AC provided 
us with an additional technique for capturing wild tiirkeys 
and no difference between capture techniques with regards 
to survival or the reproductive pareimeters evaluated could 
be determined. 
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MAMAGEMEMT IMPLICATIONS 
Capturing wild turkeys for resecirch or restocking 
progreuns can be difficult and leibor intensive. In the 
past, the influence of capture method on survival and 
reproduction has been questioned. Dxiring our study, we 
failed to find a difference in survival estimates of hens 
or nesting pareuneters based on capture technic[ue. 
Therefore, we Ccui see no reason, based on these results, 
not to use both AC and cannon nets to capture wild turkeys 
as long as the methods described by Willicuns (1966) with 
regard to handling txirkeys captured with AC are followed, 
and care is taken to avoid non-target species. We caution 
biologists that use of AC is regulated by the U.S. Food and 
Drug Administration and proper authorization is required. 
We obtained seasonal svirvival results that were not 
intuitive, but were supported by recent long-term research 
in northern Missouri (Vangilder and Kurzejeski 1995). We 
observed seasonal survival differences based on 
chronological dates, but not when evaluated based on 
behavior. We hypothesize that the timing and speed of 
increased vegetative cover may affect nest placement and 
hen vulnerability more than actual nesting behavior. We 
advocate for additional research on the influences of 
spring timing and effects of residual nesting cover with 
regard to hen survival and reproduction. 
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Table 1. Causes of death of 53 radio-tagged wild turkey hens (adults and 
subadults combined) in south-central Iowa, 1993-1996. 
Mortality sources 
15 Mar. - 30 June 1 July - 31 Oct. 1 Noy. - 14 Mar. Annual 
Predation Misc.* Predation Misc. Predation Miac. Predation Miec. Tot. 
year Manun. other'' Mamm. other Hanun. other Manun. other 
1993-94 StSS.SX)" 0 0 1(11.1) 1(11.1) 0 3(33.3) 0 1(11.1) 7(77.8) 1(11.1) 1(11.1) 9 
1994-95 5(35.7) 0 1 (7.1) 3(21.4) 1 (7.1) 0 3(21.4) 1 (7.1) 0 11(78.6) 2(14.3) 1(7.1) 14 
1995-96 8(26.7) 3(10.0) 3(10.0) 2 (6.7) 1 (3.3) 1 (3.3) 6(20.0) 1 (3.3) 5(16.7) 16(53.3) 5(16.7) 9(30.0) 30 
Total 16(30.2)" 3 (5.7) 4 (7.5) 6(11.3) 3 (5.7) 1 (1.9) 12(22.6) 2 (3.8) 6(11.3) 34(64.2) 8(15.1) 11(20.8) 53 
Table 1. (Continued) 
* Miscellaneous mortalities included disease, starvation, unknown, and vehicles 
** Other predation mortalities include avian and hunter harvest (legal and illegal) 
® Percent of annual mortality 
•• Percent of total mortality 
Table 2. Annual Kaplan-Meier survival estimates of wild turkeys in south-central 
Iowa. 
Adult Subadult 
Year Survival SE n Survival SE n E 
1993-94 0.759 0.059 45 0.664 0.079 27 4.850 0.028 
1994-95 0.674 0.061 53 0.950 0.042 26 22.877 <0.001 
1995-96 0.594 0.056 73 0.526 0.094 21 100.222 <0.001 
Means 0.676 0.048 0.713 0.125 
Table 3. Kaplan-Meier seasonal survival estimates for wild turkey hens in south-
central Iowa. 
Adult Subadult 
Year Spring(n) Summer(b) Fall/Winter(n) Spring(n) Summer(n) Fall/Winter(n) 
1993-94 0.833(18) 0.933(15) 0.976(41) 1.0 (4) 0.750(4) 0.885(26) 
1994-95 0.861(43) 0.892(37) 0.879(44) 0.950(20) 1.0 (19) 1.0 (25) 
1995-96 0.763(59) 0.910(45) 0.857(53) 1.0 (6) 1.0 (6) 0.526(21) 
Means 0.819 0.912 0.904 0.983 0.917 0.804 
SE 0.029 0.012 0.037 0.017 0.083 0.143 
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Tcible 4. Proportional hazcurds model relating coveuriates to 
emnual mortality of wild turkey hens in south-central Iowa 
from 1993-1995. 
PauTcuneter coefficient (jl?) ^ Wald P Risk 
ratio 
Home remge (ha) -0.002 O.OOl 6.776 0.009 0.9980 
Woody COVer% -0.035 0.013 7.533 0.006 0.9650 
Dispersal distance(m) 0.020 0.010 4.270 0.039 1.0002 
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Fig 1. Annual (15 March -14 March) wild turkey hen survival 
distributions in south-central Iowa calculated with Kaplan-
Meier staggered entry approach (Pollock et al. 1989). 
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CHAPTER 5. NESTING, MOVEMENTS, AND BROOD HABITAT SELECTION 
DURING EGG LAYING BY WILD TURKEY HENS IN SOUTH-CENTRAL lODA 
A paper to be submitted to the Journal of Wildlife 
Management 
Michael W. Hubbard, Erwin E. Klaas, and Dale Garner 
Abstract; We examined the influence of movement rates, 
distances, and nest site Vciriables on nest success of 
eastern wild txirkeys fMeleaaris aallopavo silvestris) in 
south-central Iowa. We evaluated the hypothesis that brood 
habitat selection by adult hens occurred during egg laying 
by using a method that reflects individual variability in 
access to habitat. Adult hens did not exhibit 
significantly different daily movement rates during egg 
laying (0-2 wks prior to incubation) and nest searching (2-
4 wks prior to inc\ibation) (P = 0.08), but they did exhibit 
a difference in the size of the area covered dvuring these 
time intervals (P = 0.038). Adult hens moved significantly 
more 0-2 wks after nest loss than the average for the month 
dxiring which nest loss occurred (P = 0.008). Average daily 
movement 0-2 wks and 2-4 wks prior to incubation, pre-
nesting home range size, dispersal distance, distance to 
90 
the ne2u:est edge, and vegetative nest site characteristics 
were not related to the probability of nest success. 
Intensively monitored adult hens selected brood rearing 
areas that were structurally different from other areas 
visited during the egg laying interval. 
J. WILDL. MAMAGB. 00(1tOOO-OOO 
Kev words; eastern wild turkey, movements, nest success, 
brood, selection, Iowa, Meleaoris aallopavo silvestris. 
Habitat selection has been studied extensively for a 
variety of wildlife species (Storaas and Wegge 1987, 
Stauffer and Peterson 1985, Alldrege et al. 1991, Badyaev 
et al. 1996). However, evaluation of habitat selection has 
usually been at a population level. Differential resource 
use is one of the principal factors allowing species to co­
exist (Rosenzweig 1981). In theory, habitat selection 
should occur at the species level. However, selection at 
the species level should require an intra-specific 
competitor and/or an increase in fitness associated with 
the use of "optimal" habitat. Pulliam and Danielson (1991) 
suggest that in a population exhibiting pre-emptive 
selection (i.e. individuals prevent others from sharing the 
site), increasing density would result in the selection of 
habitat that was less than optimal (providing, on average, 
highest reproductive output) , but was the best when 
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compeared to what was still available to the individual. 
Indirectly, Pullleun emd Demielson (1991) also provide 
evidence suggesting that habitat preference cem not be 
meas\ired when populations are relatively high. As 
populations increase, optimal habitats are occupied, 
forcing additional individuals to select eureas that are 
less than optimal, but meucimize their fitness given ctirrent 
conditions. Consequently, the evaluation of habitat 
preference when proportions of the population eire forced 
into marginal habitats will not provide evidence supporting 
selection. High populations levels may support a null 
hypothesis of no selection when, in reality, selection is 
occurring, but at a level based on what is available to the 
individual. 
For a habitat to be available to an individual, the 
individual must have both knowledge of the habitat and 
access to that habitat. Whltham (1980) provided evidence 
that habitat selection could influence reproductive 
success. He also showed that through site occupancy of 
"optimal" habitats, individuals forced con specifics into 
less successful habitats. The acceptance of these less 
than optimal habitats by individuals could significantly 
affect the results of habitat selection studies by causing 
the analysis of selection at a population level to Include 
not only highly selected for habitats, but "marginal" 
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habitats that late arriving (i.e., smaller, less dominant, 
younger etc.) individuals were forced to accept. 
In this paper, we report nest success and movement 
parameters of an established flock of eastern wild txirkeys 
(Meleagris aallopavo silvestris> . We propose the 
hypothesis that initial brood habitat selection may occur 
just before or during egg laying, prior to the onset of 
incxibation. Furthermore, we explore the idea that 
selection of brood habitat is individualistic and that 
attempting to define "optimal" habitat should begin with 
the individual and should identify habitat characteristics 
common among individuals based on the habitat available to 
specific animals. 
This study was fiinded by the National Wild Txirkey 
Federation (NWTF), Iowa Department of Natural Resources 
(IDNR), and Iowa State Chapter of NWTF. Veirious local 
chapters of NWTF, the Iowa Cooperative Fish and Wildlife 
Research Unit and Iowa State University provided additional 
support. We themk T. R. Bishop cind B. J. Giesler for their 
assistance with the analysis on the Geographic Information 
System (CIS) , C. Clement, K. W. Roozeboom, P. Reynolds, J. 
L. Ervin, and G. S. Brown for their work in data 
collection, and W. Bunger for his advice on field 
methodology. M. S. Kaiser, B. J. Danielson, and W. R. 
Clark provided helpful advice on the statistical analysis. 
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STUDY AREA 
Our study was conducted in Lucas and Claurk coimties in 
south-central Iowa. The 262.2 km^ study area has gently 
rolling topography characteristic of the southern Iowa 
Drift plain and is composed of mixed heurdwood forests 
interspersed with pastures, row crops, and some small 
grains. The study eirea encompasses both public eind private 
aureas. The dominant forest cover types are mixtiires of 
shagbark hickory fCarva ovata), white oak (Ouercus alba), 
northern red oak (Q. rubra) and burr oak (fi. macrocarpa) 
(Crim 1981) . Over 33% of the study area is forested with 
the remaining area being used for agricultural activities 
(Hubbard 1997) . 
METHODS 
Capture and telemetry 
We captxired wild turkeys from January - March of 1993-
1995 using both rocket nets and alpha-chloralose (Williams 
1966) . We marked all turkeys captured with metal leg bands 
and released them at their original captvire location 
(Hubbard 1997) . We used 3mm elastic shock cord to fit all 
hens captured with 110 g, back-pack style, motion sensitive 
radio transmitters. When hens produced successful nests, 
we marked from 1-5 poults/brood by surgically implanting 
them with radio transmitters within 2 days of hatching 
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(Hubbard 1997). We monitored hens at least 5 days/wk from 
15 Mcurch through 1 August. We located hens using vehicle 
mounted, dual 5 element null detection systems. We 
estimated a hen's location in the field from 3 bearings 
taken within 20 minutes using LOCATE II computer softweure 
and Lenth's transformation (Lenth 1981) to calculate a 95% 
confidence ellipse around the estimated location. 
Intensive sampling 
In addition to obtaining daily locations on hens, we 
intensively monitored a subset of our adult hens in 1994 (n 
= 14) and 1995 (n = 14) to acquire more detailed movement 
inforaation. We obtained locations once every 2 hrs. from 
0600-1600 hrs. and a roost reading (6 obs/day total). We 
conducted intensive observations on an individual a minimum 
of 4 days/wk and up to 7 days/wk from 15 Heorch through the 
end of the nesting season or until a hen lost her brood. 
Movements 
We calculated daily movement distances based only on 
data obtained from intensively monitored adult hens. We 
assumed distances traveled were linear between consecutive 
locations. Total distance traveled was defined as the sum 
of the distances between the first morning location and 
that evening's roost location. Total area covered during 
the day was estimated by a convex polygon containing all 6 
daily locations. We also estimated the area visited more 
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than once dtiring an interval of interest by compeuring the 
number of hecteures overlapped by polygons generated from 
daily locations to the ar&a. of a convex polygon generated 
from all daily locations. All curea determinations were 
acquired using geographic information systems (GIS). 
Since the average daily distance traveled by hens 
changed throughout periods of interest, we used a Wilcoxon 
signed-ranlc test (Steel and Torrie 1980) to test for 
differences in daily movements, area covered, and percent 
of area visited more than once between various time 
periods. We used a t-test to evaluate a null hypothesis of 
no difference between daily movements and corresponding 
monthly averages. 
Nesting 
We considered a hen to have attempted a nest only if 
the nest was located. We approached nesting hens within 3 
days of the onset of incubation using hand-held telemetry 
equipment. We located nest sites by circling the hen at 
50-100 m and recording 3-6 azimuths on the hens location. 
We attempted to avoid disturbing the hen during nest 
flagging. If a hen was flushed from the area and failed to 
return to the nest site, the nest was excluded from nest 
success calculations, but it was counted as a nesting 
attempt and included in subsequent calculations. We 
considered a nest successful if it hatched at least l 
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poult. Occasionally during incubation, more than 1 day 
would elapse between our checks on nest survival. 
Therefore, we used the Mayfield method (Johnson 1979, 
Mayfield 1975) to estimate daily nest survival 
probabilities. He calculated the proportion of hens 
nesting as the percentage of hens that established a 
documented nest among all hens that entered the nesting 
season and survived. Hens that failed to survive through 
the nesting season were included in the proportion of hens 
nesting only if they established a documented nest prior to 
death. To determine the renesting rate, we considered a 
hen available to renest only if she established a 
documented first nest and survived 2 wks after nest loss. 
We used a paired t-test to test for differences in clutch 
size between first and second nest attempts. We used t-
tests to evaluate differences in the time first nests 
svirvived inciibation and the likelihood of renesting, and 
the differences in age groups of distances between capture 
location and establishment of first nest sites. We used a 
Pearson correlation to exeunine the relationship between the 
size of the first clutch and the log transformed time 
interval between first and second nesting attempts. 
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Factors influencing nest success 
After a nesting attempt, we located and determined the 
fate of the nest. At the nest site, we recorded overhead 
emd shriib (woody growth > 12 m) canopy coverage, percent of 
ground cover, emd vegetative height. We determined the 
distance to the nearest hedsitat edge by using a 6IS. We 
also included in our analysis the method used to capture a 
hen and the area used by a hen prior to incubation. To 
determine the size of the area visited by the hen during 
nest searching activities, we used a 95% bivariate ellipse 
home range estimator (Jennrich and Turner 1969, White and 
Garrott 1990) generated from individual daily telemetry 
locations tciken from 15 March through the on-set of 
incubation. We used logistic regression to exeunine the 
influence of the varicQjles associated with nesting on nest 
success. We considered variables in the logistic 
regression model with a Wald chi-square test value of P < 
0.10 to be biologically significant. 
For our intensively located hens, we used t-tests to 
examine differences between successful and unsuccessful 
nests relative to movement and area variables, vegetative 
nest site variables, distance to edge, and dispersal 
distance. For both data sets, we used a log transformation 
for all area and distance measurements and an arc-sine 
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tr ems formation for all percentage data to obtain 
approximately normal distributions. 
Brood habitat selection 
We examined the possibility that brood habitat 
selection occurred after a nest was established, during the 
egg laying interval. Healy (1992) indicated that it takes 
approximately 2 wks for a hen to lay an entire clutch, 
therefore, we defined the egg laying interval as the 14 
days prior to the on-set of incubation. 
Once an adult hen had successfully hatched a brood and 
moved to her brood rearing location (always < 3 days post-
hatch) , we used a GIS to plot her daily movements during 
the 14 days preceding the on-set of incubation. From the 
plots of these intensive locations, we identified a number 
of "exploratory" movements. We defined an exploratory move 
as a daily movement during which a hen left her core-use 
area. We delineated a hens core-use area with a 50% 
bivariate ellipse home range estimator (Jennrich and Turner 
1969, White and Garrott 1990) based on all locations tedcen 
during the 14-day interval. We selected five 40-ha 
plots/hen to acquire extensive vegetative information. We 
centered 4 of the plots on areas outside of a hens core-use 
area that she visited during egg laying, but did not return 
to with her brood. We centered the remaining plot on the 
area occupied by the hen and her brood. This seunple method 
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provided us with a sample of used and wused areas of which 
we were certain that the hen had visited dviring egg laying. 
Within each 40-ha plot, we remdomly selected 20 sample 
points. At each point, we recorded overhead shriib emd tree 
canopy closure with a spherical densiometer and a 
vegetative obstruction reading (VOR) using a robel pole 
(Robel et al. 1970). We also recorded percent bcure ground 
and percent overall vegetative canopy cover from Daubenmire 
frcunes (Daubenmire 1959) located at the scunpling points. 
Within the Davibenmire frames, we recorded the 4 domincuit 
plcmt species, as well as the average height (dm) and 
canopy coverage of each of those species. Since we were 
interested in the structural appearance of the vegetation, 
it was possible that the sum of the dominant plant species' 
canopy coverages could be both greater than the overall 
cemopy coverage estimate and greater than 1.0. To reduce 
the temporal variation associated with the vegetative 
structure, we conducted all vegetative measurements within 
a 10-day interval after the last nesting attempt of an 
intensively monitored hen. 
We used principal component analyses to obtain 
uncorrelated variables from the continuous vegetative 
variables we recorded. In our principal component 
analysis, we included 7 vegetative variables that described 
the structure of vegetation important during brood rearing; 
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1) percent bare ground, 2) overall percent vegetative 
canopy coverage, 3) robel reading, 4) maximtua height of 
vegetation, 5) average height of vegetation, 6) maximum 
canopy coverage of domincmt plant species, amd 7) range of 
canopy coverage of dominant plant species. We used the 
broken-stick model (Jackson 1993) to determine the number 
of interpretable eigenvectors generated from the principal 
component analysis. 
We used a graphical analysis to examine if plots 
visited by individual hens were structurally different 
based on the factor scores generated from the principal 
component analysis. We constructed graphs for each hen by 
plotting the cumulative percent of points/plot within areas 
0.5 standard deviation away from the mean factor scores of 
the plot used by the hen. We used the standard deviations 
of the factor scores of the used area of each hen as the x-
axis. If the distribution of the used area is above the 
unused areas, then the factor scores of the 20 seunple 
points within the used area are more tightly clustered 
around the used area mean. Clustering around the used-area 
mean should indicate that used plots are structurally 
different from unused plots. Structural habitat groups 
between sample plots should result in a consistent pattern 
across all individuals when comparing the used plot to the 
unused plots. If no pattern occurs across individuals. 
101 
then the stznictiire, based on oiir measurements, is not 
different between plots, across birds. We used this type 
of graphical analysis to allow for the possibility that 
some individuals may have visited a number of plots that 
were structurally simileur, while other hens may have been 
located in eureas with a leurge (or small) eunount of 
structural variation. We used logistic regression analysis 
to excunine the influence of individual principal component 
scores on the probability of use. We conducted all 
statistical analysis using SAS computer software (SAS 
Institute, 1989) . 
RESULTS 
Movements 
Average daily distances moved by intensively monitored 
adult hens were highest in April and decreased through the 
nesting season (Table 1). Daily distances moved were 
significantly different between months in 1994 (F = 32.09, 
2, 475 df, P = 0.0001) and 1995 (F = 16.49, 5, 758 df, P = 
0.0001). 
Total daily distances moved for intensively monitored 
hens averaged 1620.8 ± 91.3 m and 1899.2 + 151.1 m 0-2 wks 
and 2-4 wks prior to incubation, respectively. Distances 
moved were not significantly different dxiring these 
intervals (n = 19, Wilcoxon signed rank test, P = 0.08). 
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The average number of hectares covered during the 2 
intervals was significantly different (0-2wk 101.9 +17.6 
ha; 2-4wk 192.5 ± 36.3; Wilcoxon signed remk test P = 
0.038). Comparison of the average movement rates during 
the 2-4 wk interval to the corresponding monthly average 
diiring which they occurred revealed no difference in daily 
movements (n=19, t = -0.690, P = 0.499). Comparison of 
percentage of the areas visited more than once diaring the 
intervals failed to detect a difference between time 
periods (n = 19, Wilcoxon signed rank test, P > 0.10). 
During an interval from 0-2 wks after nest destiruction, 
adult hens moved 579.3 + 182.8 m/day (n = 13) more than the 
monthly average (t = -3.170, P = 0.008). 
Nesting 
The median initiation date for first-nests ranged from 
2 May to 27 May for adults and 9 May to 12 June for 
siibadults over the years 1993-1995 (Table 2) . On average, 
76.2% of adults and 32.3% of subadults initiated a first 
nest that survived until incubation. Only 1 subadult 
renested, but 36% of adults renested. Nests of adults 
survived an average of 14 days. 
Among hens that renested, clutch size did not differ 
between first (X = 8.38 ± 0.88) and second (X = 6.95 ± 
0.59) attempts (paired t-test, 20 df, P = 0.082) (Table 3). 
The number of days a nest survived prior to destruction was 
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significantly lower for hens that attempted a renest (X = 
10.62 ± 1.28 days, n = 21) them hens that did not attempt a 
second nest (X = 15.74 + 1.27, n = 47; t=2.46, P = 0.017). 
Adults (X = 2006.3 + 237.7, n = 46) and siibadults (X = 
2562.0 + 411.7, n = 11) exhibited no difference in 
distances between captiire location and site of first nest 
estciblishment (t = -1.055, P = 0.296). The linear 
distances between first and second nest attempts averaged 
1037.6 + 182.0 m (n = 22). The sizes of first clutches 
were positively correlated with the time between first and 
second nest attempts (r = 0.5183, P = 0.028). 
Factors influencing nest success 
We used logistic regression to evaluate the influence 
of vegetative nest-site variables, capture method, pre-
nesting home range size, nesting attempt, individual hen 
characteristics, and distance to the nearest edge on nest 
success (n = 95) among non-intensively monitored hens. 
None of the variables measured were significant predictors 
of nest fate. 
The possible variables associated with nest success (n 
= 20) of intensively monitored adult hens were compared 
using t-tests and logistic regressions. The variables 
evaluated included average daily movement prior to 
incubation, pre-nesting home range size, dispersal 
distance, distance to the neeurest edge, and vegetative nest 
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site characteristics. No differences were detected in 
these vcuriables between successful and unsuccessful nests. 
Also, of the variables excunined, none were significant 
predictors of nest fate. 
Brood habitat 
Of 28 intensively monitored hens, only 5 produced 
broods. All successful nests occiirred in 1995. Successful 
hens always took their broods to areas that had been 
visited during the egg-laying interval (0-2 wks prior to 
inciibation). Four of the 5 hens took their broods to areas 
outside of the 50% core-use area. 
Based on principal components developed from all 5 
birds combined, the first 2 principal components were 
selected for further analysis (Table 4). The first 
principal component (PCI) was intezrpreted to be a measure 
of vegetative ground cover and the second principal 
component (PCII) was interpreted as a measure of vegetative 
height and canopy coverage. Because the quantity and 
quality of habitat available to individual hens was of 
interest, principal component analysis was repeated 
separately for each hen. Individual loadings on the first 
2 principal components were similar for all birds (Table 
4) . Inspection of individual graphs of the ciimulative 
proportion of the principal component scores (Fig. 1) 
revealed that plots of used areas were different from those 
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Of unused plots, indicating that individual hens visited 
some eoreas that were structurally different (i.e. habitat 
Vcuried between plots) . However, some hens also visited a 
number of eureas that were structurally simileur. A logistic 
regression model using PCI emd PCII as independent 
variables generated from data for all birds indicated that 
PCII was significant and had stronger discriminating power 
for identifying habitat use than did PCI (x^ = 7.91, 2 df, 
P = 0.0192); (Table 5). 
DISCUSSION 
Movement of individuals through space is a general 
characteristic of all organisms (Ims 1995) and is an 
important ecological phenomena (Wiens et al. 1993). Some 
ecological studies have concluded that increased movements 
may be related to higher mortality rates dviring various 
life stages (Hill 1985, Rotella and Ratti 1992). For this 
reason, movement behavior deserves a key position in 
ecological studies (Ims 1995). 
Generally, movement studies conducted on wild txirkeys 
have reported movements based on straight-line distances 
between individual daily locations or centers of activity 
(Speedce et al. 1975, Little and Varland 1981, Badyaev et 
al. 1996) . This type of evaluation is obviously a very 
conservative estimate of daily movements and it may or may 
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not acciirately reflect actual daily distances traveled. 
Little and Varlemd (1981) found that the highest average 
daily movements were exhibited by hens during the winter 
(0.8 + 0.04 km). Diiring our study, we found that the 
lowest daily movement distances occurred in June 1995, but 
still exceeded 1 km/day. 
We were most interested in movements as they related 
to nest searching (2-4 wks) and egg laying (0-2 wks) 
activities prior to incubation. We did not observe any 
differences in distances moved during the 2 intervals. 
However, we did see a reduction in the number of hectares 
covered by a hen during egg laying. We believe that hens 
do not reduce the total distance traveled during a day 
after they establish a nest, but they do change the shape 
of that movement once they become linked to a nest site. 
Also, we failed to detect a difference in average daily 
movement between nest searching and the corresponding 
monthly average, indicating that hens do not increase 
movements during nest searching activities. 
Some researchers have used localized daily telemetzry 
locations as indications of nest establishment (Little and 
Varlauid 1981, Vangilder and Kursejeski 1995) . Since we 
found no difference in average daily movements between egg 
laying and nest searching activities, we visually inspected 
the intensive movement data obtained during our study. 
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Some hens reduced daily movements 2-3 days prior to 
incubation, but these localized movements were never neeur 
the actual nest site. We also observed simileu: localized 
daily movements dtiring the nest searching interval. Based 
on these data, we believe that counting localized movements 
as nesting attempts may over-estimate the nximber of nests 
produced by a population. 
Nest-site characteristics have been studied 
extensively for a variety of ground nesting birds (Borset 
and Krafft 1973, Haensly et al. 1987, Storaas and Wegge 
1987, Seiss et al. 1990, Schieck and Hannon 1993). 
Thompson et al. (1987) found that nest sites of ruffed 
grouse fBonasa imbellus) on a central Missouri study area 
were not different from randomly selected sites. Badyaev 
(1995) found that turkey hens in the Arkansas Ozark 
highlands selected nest sites with greater habitat 
complexity and variation than was generally available and 
suggested that in that population, nesting sites may have 
been limiting. However, Riamble and Hodorff (1993) found 
few differences in microhabitat characteristics between 
successful and unsuccessful nests and concluded that nest 
sites were not limiting in a turkey population in South 
Dcikota. We did not examine nest-site selection, but we did 
exeu&ine the influence of vegetative nest site 
characteristics, individual hen movements, distance to 
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edge, emd pre-nesting home remge size on nest fate euid 
failed to find any significant relationships. 
Our results are similar to studies conducted on other 
ground-nesting gallinaceous birds. Storaas and Wegge 
(1987) found that nest loss of capercaillie fTetrao 
urogallus) eind black grouse fTetrao tetrix) in Norway was 
unrelated to habitat type or nest cover. Schieck and 
Hannon (1993) failed to detect a difference in vegetative 
types or ground cover around successful and depredated 
nests of Willow Ptarmigan fLaaopus laaopusl. Haensly 
(1984) suggested that habitat pattern rather than 
structiiral vegetative characteristics at the nest site was 
the primary difference between successful and depredated 
nests of ring-necked pheasants (Phasianus colchicus). 
Wild turkey hens may select nesting cover by 
xinderstory vegetative characteristics (Hollbrook et al. 
1987). Hens that nest in both grassy and wooded habitat 
types seem to prefer vegetation that provides siibstantial 
concealment at 0-1 m in height (Day and Flake 1991, Badyaev 
1995). However, evaluated nest site characteristics do not 
appear to influence the probability of nest survival. 
Consequently, we believe that other factors such as 
predator populations, weather variables, and human 
dist\u:bance may play a more important role in nesting 
success than nest-site selection. In 1995, we observed an 
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apparent nesting success of 48.5% (n = 35) on privately-
owned ground and 17.4% (n = 23) on piiblic ground. We 
attributed this difference in success to an increase in 
hxuaan activity during the nesting season. Hugh emd Baumann 
(1990) found that turkeys avoided nesting neeur roads open 
to vehicular traffic, and Badyaev (1995) found that 
successful nests were located fiirther from roads than 
depredated nests. 
It has been suggested that the distance a nest is 
located from the edge and the size of the pre-nesting home 
range may also influence nest success. Yahner and Wright 
(1985) conducted an artificial nest study and found no 
relationship between the number of nests disturbed by 
predators and the distance to an edge. Badyaev et al. 
(1996) provided evidence that an increase in habitat 
sampling, as reflected by a larger area occupied, increased 
turkey nest success. We found no evidence indicating that 
the distance to edge or pre-nesting home range size 
influenced nest success. 
Habitat selection has been studied extensively at the 
population level. Pullicim and Danielson (1991) provided 
information indicating that at high populations, preference 
may be obscured because many individuals will be forced to 
use areas that are different from those used by other 
individuals, due to a lack of knowledge or an inability to 
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access "optimal** habitats. We attempted to approach 
selection from the individual's perspective, tedcing into 
account a hen's *']cnovledge** of em area, euid then looking 
for a set of habitat components that were common euaong 
eureas and were selected for by different hens, as defined 
by a hen's use of an area during brood reeuring. This 
technique also allowed us to deteznnine if a hen had more 
them 1 area from which to choose that was structurally 
similar to the area used during brood rearing. 
We believe that the similarity of the loadings on our 
principal components cuaong individual birds and across all 
birds indicates that our habitat variables adequately 
describe the habitat structure. We also feel that the 
graphical analysis technique presented provides evidence 
that areas visited by individual hens are, in some cases, 
structiirally different. We also believe that some hens 
(i.e. hens 1 and 4, Fig. 1) visited several structurally 
similar areas. In our logistic regression model (Table 5), 
our second principal component (Table 4), which ordered 
points based on vegetative height and canopy coverage, was 
significant. Because we observed a low concordance (56.3%) 
in our model, we hesitate to say that PCII completely 
represents the variables that hens in ovir study were 
selecting for during the early stages of brood rearing. 
However, based on the logistic regression model, increasing 
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PCII scores result in an increasing probability of use. If 
this is actually the case, then em increase in PCII scores 
represents an increase in vegetative height and a decrease 
in canopy coverage. This result would agree with those 
obtained during earlier reseeurch on brood rearing areas. 
Healy (1985) recommended that brood cover consist of 50% 
ground cover with a vegetative canopy of 20-60 cm in 
height. He observed that even though cureas with denser 
vegetation had higher invertebrate numbers, poults had 
trouble moving through those areas. McCabe and FleUce 
(1985) found that turkey broods less than 4 weeks-of-age in 
South Dakota selected areas with an average of 52% open 
canopies. In Alabama, brood habitat of successful hens, 
based on poult mortality rates, was characterized by less 
basal area/ha and greater herbaceous height than less 
successful hens. 
MANAGEMENT IMPLICATIONS 
According to our results, nest success is not related 
to any of the variables measured dtiring our study. 
Previous studies have provided evidence that nest site 
selection does occur, but most have failed to find any 
pareuneters that relate to nest success. We believe that 
nest success may be more related to predator levels and 
other distxirbance events outside the control of wildlife 
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managers. A Icurge percentage of poult mortality occxirs 
during the first 2 wks after hatching (SpesJce 1980, Little 
and Varland 1981, Everett et al. 1980, Hubbeurd 1997) . An 
increase in poult survival during the first 2 wks of life 
may have a leurge impact on future populations. 
Consequently, as long as nest sites eire not limiting, we 
recommend that memagers concentrate on improving early 
brood rearing habitat. Furthermore, based on our 
observations of intensively located hens, we do not 
recommend counting localized movements as nesting attempts 
in population modeling. Based on our data, we believe this 
could result in a substantial over-estimate of nesting 
attempts by a population. 
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TeQ>le 1. Average dally movemen't (m) of 28 intensively 
monitored adult wild tiurkey hens in south central Iowa 
during 1994 (n=14) and 1995 (n=14). 
1994 1995 
Month n" X SE n X SE 
March - — 105 1422.5 73.2 
April 172 2295.9 141.9 209 1853.3 58.8 
May 171 1586.0 88.3 210 1478.7 78.5 
Jxme 187 1261.2 65.4 154 1000.4 78.4 
July — — 76 1146.1 113.0 
• Number of observation days 
Table 2. Nesting rates and duration of Incubation prior to predatlon of eastern wild 
turkey hens In south-central Iowa from 1993-1995. 
First nest 
Adult Subadult 
Median neat Initiation date* (range> 
'93 n=16 27 May <26 April-13 June) n=2 12 June (4-21 June) 
'94 n=35 2 Nay (11 April-13 June) n^e 9 Hay (2 May-2 June) 
'95 n=43 15 May (17 April-20 June) n=3 18 May (15-26 May) 
Duration of Incubation prior to predation 
Mean SE Mean SB 
'93 
o
 
rH H C 11.8 2.4 n=l (26 days) 
'94 n=26 17.6 1.7 n=3 19.0 3.5 
'95 n»26 11.4 1.2 n=2 4.0 0.0 
X n«=62 14.0 1.0 n=6 15.2 4.0 
Re-neat 
Adult Subadult 
n=l 22 May 
n=7 26 May (13 May-1 June) 
n=13 6 June (16 May-22 June) n>l 29 June 
Mean SE Mean SE 
n=6 14.8 2.6 
wS 13.7 2.1 n>l (16 days) 
n=15 14.1 1.6 
Table 3. Dally nest survival rates (DSR) and average clutch size of eastern wild 
turkey hens In south-central Iowa, 1993-1995. Daily nest survival was calculated 
using Mayfield method (Mayfield 1975). 
First nests Renests 
Adult Subadult Adult Subadult 
Nest success 
1993 
1994 
1995 
Clutch size 
DSR 
n=15 0.9718 
n=>33 0.9727 
n=41 0.9589 
SE DSR SE 
0.0098 n=»2 0.9333 
0.0062 n»6 0.9703 
0.0077 n=2 0.9429 
DSR 
0.0455 n=l 1.0 
0.0131 n=7 0.9512 
0.0555 ni=14 0.9749 
SE PSR 
0.0194 
0.0094 nol 0 
_g^ 
X SE X SE X SE X SB 
1993 n»15 9.7 0.7 n=l 8.0 - n=l 9.0 - -
1994 ns32 9.0 0.7 n=6 9.2 1.1 n= 6 7.0 0.9 - -
1995 n=39 9.2 
VO 
•
 
o
 n=3 8.3 1.8 
o
 
rH II c 6.4 0.9 n=l 4.0 — 
Table 4. Principal component (PC) loadings and eigenvalues for continuous 
vegetative variables of possible wild turkey brood habitat in south-central Iowa, 
1995. 
PC loadings of original variables 
BARE CANOPY MAXIMUM AVERAGE MAXIMUM CANOPY Cumulative 
GROUND COVER ROBEL HEIGHT HEIGHT CANOPY COVERAGE Variance 
Hen PC (%) (%) (dm) (dm) (dm) C0VERAGE(%) RANGE(dro) Eigenvalue E]cplained(%) 
1 r -0.44 0.46 0.32 0.29 0.32 0.43 0.36 3.97 0.57 
II*" 0.24 -0.14 0.33 0.57 0.52 -0.30 -0.37 1.80 0.82 
2 I -0.46 0.48 0.08 0.19 0.27 0.48 0.47 3.71 0.53 
II 0.18 -0.07 0.48 0.61 0.53 -0.18 -0.19 2.00 0.82 
3 I -0.38 0.45 0.26 0.27 0.34 0.45 0.44 3.64 0.52 
11 0.32 -0.20 0.26 0.62 0.54 -0.21 -0.25 1.46 0.73 
4 I -0.48 0.50 -0.04 0.17 0.27 0.48 0.42 3.86 0.55 
II 0.08 -0.05 0.49 0.62 0.53 -0.12 -0.26 2.02 0.84 
Table 4. (Continued) 
PC Loadings of original variables 
BARE CANOPY MAXIMUM AVERAGE MAXIMUM CANOPY Cumulative 
GROUND COVER ROBEL HEIGHT HEIGHT CANOPY COVERAGE Variance 
Hen PC (%) (%) (dm) (dm) (dm) COVERAGE(%) RAN6E(dm) Eigenvalue Explained(%) 
5 I -0.43 0.45 0.32 0.35 0.35 0.39 0.31 4.08 0.58 
II 0.28 -0.20 0.44 0.46 0.45 -0.35 -0.37 1.88 0.85 
All I -0.44 0.46 0.21 0.28 0.34 0.43 0.39 3.88 0.55 
II 0.24 -0.15 0.47 0.55 0.46 -0.29 0.31 1.86 0.82 
• First principal component 
** Second principal component 
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TeUsle 5. Logistic regression model of principal component 
score developed from 5 intensively monitored wild tiirkey 
hens (100 sample points/hen) predicting the probability of 
use dtiring brood rearing. 
Veiriable Estimate Wald x2 E Odds ratio concordance" 
INTERCEPT 1.416 151.544 0.0001 4.119 
PCI" 0.706 1.708 0.1910 1.078 
PCII 0.217 6.223 0.0126 1.242 56.3% 
" See SAS Institute Inc., 1995 
'' Principal component scores generated from vegetative 
variables considered important during brood rearing 
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Used area 
Unused area 1 
Unused area 2 
Unused area 3 
Unused area 4 
Hen 1 
Hen 2 
0.5 - Hen 3 
1.0 
Hen 4 
0.5 
- A 
0.0 
0 1 2 3 4 5 
1.0 
Hen 5 0.5 
0.0 
0 1 2 3 4 5 
Standard Deviations 
Fig 1. Standand deviations calculated from factor scores of 
used plots for each intensively monitored hen. Cumulative 
proportions are the sum of the percentage of sample 
points/area within the standard deviation of the used area 
mean. 
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CHAPTER 6. GENERAL CONCLUSIONS 
General Discussion 
In a pen study, I showed that the baclcpack heurness 
technique used for marking wild turkey poults during past 
research (Metzler eind Specike 1985, eind Speeike et al. 1985) 
may have produced biased survival estimates. Through the 
use of Bayesian analysis, I found that the backpack harness 
reduced wing growth more than surgical implcintation of 
radio transmitters. I also determined that poults marked 
with the backpack method developed a severe edema of the 
wing when transmitter harnesses failed to bresik as poults 
grew. The wing edema would have prevented wild poults from 
attaining flight capabilities and would negatively bias 
survival estimates obtained using the backpack technique. 
I surgically implanted radio transmitters 
s\ibcutaneously in wild turkey poults to obtain survival 
estimates. I also compeared the estimates acquired from 
radio telemetry to those obtained using a traditional flush 
count estimate. Since flush counts are less costly than 
other poult sxirvival estimate techniques, my interest was 
in exsunining the validity of the estimates obtained from 
flush coiints by comparing them to those acquired from 
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radio-telexnetxy. I foiind that flush coimts produced 
survival estimates simileu: to those obtained from radio-
telemetiry. I also concluded that if poult survival during 
the first 28 days after hatch was the primaury focus of the 
research, then 2 wk flush counts were not necessary. I 
also determined that the risk of poult mortality on my 
study eurea increased when initial brood size was above 8 
poults/brood and decreased with increasing eimounts of wood 
cover. 
I examined wild turkey hen survival in south-central 
Iowa. I was interested in the difference between adult and 
subadult survival and survival during spring dispersal and 
nesting activities. Age-specific annual survival 
distributions were significsmtly different for all years of 
the study, but no difference in survival was detected 
across years, based on hen age. Adult hens had 
significantly lower sxirvival during the spring. However, 
survival was not different when based on actual hen 
behavior. The risk of mortality to wild txirkey hens on my 
study area increased with increasing dispersal distance and 
decreased with increasing home range size and eimounts of 
woody cover. 
I was also interested in habitat selection by 
individuals. Individuals must select from the areas that 
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ar& availeUale, but some individuals may have access to a 
number of areas that sure structurally similar eind meet 
their habitat requirements. Hedaitat selection studies that 
ignore the choices being made by individuals may fail to 
determine the structural characteristics of the habitat 
that cure actually being selected. I tested the hypothesis 
that brood habitat was selected by tiirkeys during egg 
laying. I concluded that hens visited areas that were 
structurally different. I also found that some hens 
visited areas that were simileur in vegetation structure. 
By use of principal component analysis and logistic 
regression, I concluded that a principal component ordering 
vegetation based on height and canopy cover had some 
ability to discriminate used and unused areas. 
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